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AiEsmEffiASnnT, 

So &^MnThJU!fW, lilnJ'hilBM^o /i;Ji|E !| .' / U> J jVliJii>.!« 



i i >4 

ap 



Mr, IS^IEAlh^#, 

A IIM * 14 M -K ') • W M U m Ifi, A IE ft If J j!];iiJftfN>.^i BJ JS * * „ 




iJUX^JMESIWitSiE 


mu, 





-a iinns 


Ains^jtaw^vE: (umxumumm^ 

m&mx, m) a-aieeri^ 

^umWMufxttruu-mm* w&^jsittiEffliii^&ine 

A Wc Eilil(H] Debreu SMEtinWMa-it: “M 

msmmmmm, o sea 

El §r If El Jf %, Hi A r --t "EIAH AJlk, '£im%mkk‘MmmrnA 
ximU EiH 11 IE HA 1 , i 1 life n; H A° r UUX.W it A 7 H a a IE A. ifr 

mum^, Hitt, imiat g^w®SMia^ft, is^ieaw 


A liJ El IB l i l , ft IE IE 3? i£ W17 


;ili> o 




2k /X 


m m m r- z; 



SHE 
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-rA 



rK- i=r 

1=1 



APAo (Keynes, J. M, 1883-1946) 1936 ^FJH&to 

ama-a-m 

tt&, 'MM'.XiXVXX MA(Pj 

” (jsl [i], 

149-151o ) 




(AAnqA'iHMiALiAA-f-M, M 


i.3 tmM&m, #a#-A;iaa am^-u 

(xm^hm) mm. x«ua 

i rntm-m-mf 

U A to Vl '?• JUi HJ J ■• X A M A 1 1' to , 

MMII A A X A A k X 3' A A A 497,1 "' 

«X1t, BfrH B 

O m-^.'/r: ^-hrU Hh “ T-BB AH m » rh Mt £1 XhXX ±h T^eT AH Afr vAH 0X /P 0.^n EH ^/iP® 


&J “mwm” Hifei{s^nnam^ 

^nA^KMir 


MA^SmX^XlAlAMfkXSft, AAAAA 

xmx±xx0xm, wxMimx^&“Mmm”M%xxXo & ~ a 

“ Debreu XA# Wff % At# T XA ” , 

A A N A X A til AAA X A ~ h A, A HMXM AHAHirAmx X 

xmmmx^rnxxxvxm, w 

m [2], [ 3 ] m [ 4 . ^ttf^At 

tAfi, mnpxmMm&xmxx 

WIAIjA 

X 

I— ~r~t —» I At- __!_. , 11 . > . v\» J 



a 



/ 




qp. dtr ” 

'/K ;lh> o 



/jy 


Jffi. 

/ N 



"HAH 



HA, ain^l0 Debreu BP, 

A M X A, A X A 

e 


7e§f^Wf3lo 



^AfJAAAA. AAAffA'A 



A, It A if A o XHk, isCJAA 

“S 

A (PJ A A ” ? AMAHAarjAAMXtkAAAAWAA mX^Mim 

i'n)i. mmx, xirAci*m 

HA (Popper, K. R. 1902-1994) U<J Xk Xd J*H AE XXX ft# ftAHH/XA, fS 


A#Afl'AAf4AJSA(i<]AAAAAWAA-A“aA(i<]AA”A®S 
too mXXXX, X!'“ A«X”, 

A A tfj ^ 



o >9 


A# 


A 



A A A AXmXAWAAMfiA mm iti MX PM iA 

’’Silk, 



*/P 





“A#AA”fcA0Tii“A 



HK A>L o 
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« mm, (a 

m®n&m%"(pm [ 3 ]). 



, 7i A 



m^mmM'mmmm, sxmmm; m ^n^m^^mamn 

AAA^AAIfTAjlo &&-MXT, 

ie am^ipj . m 

(Marx, K., 1818-1883) (Hj^gA “Wjt lAi* AiM^A, t 






& A A 
)a 4 A A 



A®j7*AA 


1=1 


ftiWo 



Afi, ^AArn^ainA^gc^mAI^A, MijmAi7“Si£ 
W fa A ” a A ± A **** : ' ,k ^ 

flj M. Friedman A 1953 A ([11]) A 7 fill M, A 0 Friedman iXXj: 

si£m«3Tm'£^® i mw m 

mmt tehm’ aa At 

0 


Tilth, aCfaxMAffAfa 

u 





u#j\ i&mmnvi, ^ 





M. 



A ;< 



A 7A 



7 » 

O 


A l£ in A A # A A i& H A III A • 54> is Friedman \% itk 7| IFj A in 

AiHjA&AAIt#o II, ^A Friedman 

IkAAA^tlA ISA Afaflig if A (I A El XU 7 7 • A ,A A, I.HA7 

-^X\U\o Friedman 



W a 



>/ » 




S N 



AAiinAA«ASA®7S 0 tj 


Friedman (ft X A A A 7 iS f f fa © Samuelson A flj (ft fa X A A H[r) (ft X $f 

^inAfaif, AriBAiAA^, 

WM= 2 



Alt if $ A AiH ffl A M$ij M lie 


>n A- A il A A A i5 x# fa fa itt M ifa JI ife A 


A lit, A if j i'Kj A A A A 13 

17 ± A A in A A A W ^ A fa IA Friedman X JI [. X 4 A A A" Al'fa 

AAAAA, A^AAAAMAAWfflAA^AinAAAisrinaAo 

AAAWiAvRAAAiiJnfrW/XAA, XAAAtHjMfathAA Ain 

• AIV:/A A lii A "i A AM'n o f[ ♦ - M M A fa ti a A A A A A l'I §r A A 


1 A IX 


Ji.fS XxOATXA 


II (E. Kant, 1724-1804) MAAWiX 

WAiXiilSXfX Friedman XX XXX A fiJIifl, A A 

FSiAXSAXo MAJfa ThAMIftitiBA 

# #'] hi x ph m xm w m s. it a a x , m « a m m a a *■ 0 


TcXhiMixixini 

ATAAit!iI-A*JlAfiAAW7 


A A 'm ffi X —X A4 A, to X X - A®! A X AIT I o 


yfv 


FXaiAWAAX Xto, 

Ho ^Pjltffo 


A 
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)o A±®«iJ7ji!MA7* 

twttWo 
;i:mi'i<j i-. iik i-.o 

ia ”*w. i in m m & m a a in m “ a a 1 1 ” 7 to-- m rt m 7 s 

miff. “Mmmt%±, -m^mmmmTjm^m-MM^mmw 




”*$cam, submit“A^ ira 

*#±“4473*”, w^“-mmtymwimm&m-MMzmmw 

iidAHja*”,. ita“a^”#*iiiij3p#a<] 1 6 J jto 

±A“hm4±± “nra#j”±#^4A+#$«, <sa$*±&£ 

A ± lil M $f 7 7 64 Friedman IJ l7. X 1A f‘ tt 4J 63 M $F A A 





A'A 



l7j a A 63 IS /E ± “ io] lit ‘'it 


Sharpe ft ± f] A CAPM M M A * A 7, ft 04 $ A ,4, #1 

PB All 7j (high restrictive) ” |P “ ft Wi A 7 M A (ill 
(undoubtedly unrealisitic)” , {0 I!A7'Ai4f' A “TTfg?§ |Aj ” <> 32;f[A — 44 
Friedman AlAhAllto Iilack Scholes- Merton a±7jll±±l0477±±4lt 

, * i\ J M m ft 




inmxiRft 



“ Vv 
'X-L n 


A±A”l7jiAAR*o 4 p*4£ 

± mm ” a a a s tA iA a ip a tA ra ar tj if 

M47it, 

xna, wmnm$f 

MS^o AinitPAX±«fflMi*&7a±Mo AM«7j“iHAA 
AR”*MX±l7jlAA, AlAaXPBiSIJA^J; M«7] “afAiAil” M 

a “ a 11 m*m 7 a a ft a m 7 m m a„ a a to ± ft * a * * & # a « 

4fBl7j“3C73C±” (aAlAAttlAjAARAAA? ) S4 Mi7j“4473C±” (0 
AlAAAJALAAWiia^^A? ) AAAA 




M/ 

o ^-1 'j\X\ 1 





a^ttaamaAMWE^'jo {sATmtM#* ±b 




a 7 j ^ 




A7J6<]iAvRH7AaAaiAiia^Ae(i<]ix^AJlAi<]“aiA:#A w Aa 
7104, A a A A a A “ A A'l” A A AI h A * #±A 

in±l0l7jA*§7lMAl7j (7ASI) ffia, ^iAAIA^^o 4Ssrj7Ai^ 
ft W ± t ft-BiA A7 114 • (A A M A 7 A IT-, «AW 0 ^mmwm 


77±Am, m^m^4E#0gtAl7j-fP44S4iAA, lA^AkK 


^7 

tA^IWAtlt. -MAiAi, ^A“AAA4k w (i4m^AAAA^ 
AAK'JAffAAffliXo m®to&, 7AAAA4^«±. IhAArSAi^il 

ATiMPB, A10 A 4h l W A A 7'. W A M if A S ffl 4f- A o ASS, *17 

***, i ^ mm) ^u^-^mmtomii, 
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p 







jE^J 


1.4 mmimM 

0 a ij wiha. 

■ 

\m%itm\Ko in^^^ftiiWiAvR, a 

n >y a • mmm^m imm j» -, mm^m w. shar Pe , r. 

msm^mty:, m<n 



Merton ± 
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M ft ft 7 ft 0 W o Markowitz £§. 

(CAPM) n<J 





M kM. 


JW'X 


i£, UM 





1 /£ 'X k7 A 



£t S ft; Mo digliani-Miller ft M ft- ft til JS t# ft ft JJ& ^ ft 1ft, fl tc 


CAPM jSft ft 

03 ic ft®i 
& 


-/- ft ift ft illti; Ross Wftf'JftHftSi&ftft'^ 


©• lift ft , fllftftft -ft IbSftjlJlft.r.H; Sft Black-Scholes fljlftftft 

ill J-ftftff'ft-'K), ftft, AClftft 

ft7fg” 


ft ft A , A Black-Scholes AA7S£ftBft ft ft ft ft (ft ft fa , ITlJ A “ l)j ft 

ft7, ft ft Black-Scholes A.ftft ft) 7 fft ftiftftRi A (ftftili 










Si 





ft-A 


m, zznmmz, acj 







ftH7ft(ft„ 

mmmmmimm, mm& -M(Hfti#<> mm, ft ft in 7 ft m t 

4*«ft£ntt, fcWft'ATftfi-MiiA mm 

mmz (Hume, D., 1711-1776) (ftBgftSBMft 



El 

"vft 



ft* 






ftftlTftlftA ./AAft 


, ftftft ftiftA^ifijjift'ftDnftjftiii, " 
i , ftftftftftlM#!j$To -', 

Elftft fiAAMJftftftMAMAfto 

ft(ft^ft$[BMftAA^Sft IA7ft^ftft(ft“tlft” o ftlXnft, 

ft±, ftftA 



/iiMft / l:ft;7)IJftiiH;HAftiil:7rft:J 1 lk ! ftftftftftW(ftt§tfft^ ft! 
in, “tftAfilPtnli”ff)» AAStftftj/ftlftK fftl 

ftflft J7ftffl(ft^ftft«tIo ftftfflft, JftW 

mm o <iftjus 
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Ok ft, M 


□ ^ 


i-n<j/n/u: mmm ?) xm, 

M^mmm 

t&ft, ^-^-Rfrisgo 

m, B-^i§^ji0fiBffiRfrji@o aitn 

# m a ft m ^tiis^trAo iv*j hi * m a 

mxrm, 0 

MRM -fittil'A, l IkRM^MMX 

m&mxmm, intkmm* jam 

Bayesmmmmo a 


mmh imum-n^m^ 



Sfe M $F ^ 3 



, ii: ^iii j-.i.n i- 


Bn *^n H BB 6£ T £5 66 BIT 1Y Bn IYH — SK “ || ” j*p] gg 


wam'a^ M iH]ii, iEmmmmmww, ^n 


([ 6 ], 133 - 135 ): m^m-A'Xmk 

AjUUWAo 'a^C^^^iSjpA^llffiSfHjISo ki 45 l'l\( Grossrnan-Stiglitz 

t#i^(i976) mmim^: mx 

(## [ 7 ]) 




4' -ffirjo Wm*M-+&t&Mtfimto%%fri&ftWT&-&o k 

7 § “ A-^ IJl (common knowledge) ” {\[ #f j| M Af ^ ^ Ar k’- ‘A p£ A 

ttlffli. ISMreWi^AiaTAAMM^Mo iAlA 

-T^'T'irj^irAI'a WA7>fJrA ;/ A« Hitt, k Ai U A Vi ‘7- /i: gb' I' a 

mjs, iwai*i 


tiwm 










a a a in w m 


(gpi'ainWitM) 3 M£(Hj. fciAA 

^n^fsj^WE^Jo — ^ ^ n- A J W W k- Ac H' M iA Ai 'S’ IP AT N # $J fA M« 


fi i. a- aj a m i wij -a x-j ia jii - m vs, m % m a ii<j aj m , m 

aasijo mn, , \k-mm^%\k\m-k'\xmk 
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i.6 mm, mx 

M ife & M $r ‘¥ ff % |R '4' 'L> |'«] IS jt; ^ Si ft R 1 7j ^ Ht „ Arrow-Debreu 

RAM 7 J't? H<J “ XM1 *X ” Ift S7 |m] ftA, & A “ 7 w ” M #± I. 

mm> /r/i: - t •)&:^.) 

7 ifeAiiii AmRR 7 AiRTtA/i: J-77ii>j7ii>iit'l:, *&“*&#&£ tfHfc w itt 

/vM+^XlXfo 1958 A- Modigliani 7P Miller A ^ 4§ ft Al 





XJN ) 



7£ ft 





a ^ © a 7 44 a 7*, Rr^M^i^rw^ * **•» 


>1<TE3lc, 

wratn xmwmm^-m“mm^ 

ift i£ ” o a ' a fttl A 7f$4; 0 Black-Scholes-Merton Jg ft JL f-Vi: 7 S? J ' 
iibo Ross*^ij^^ai^^^*^$pitkc 

m. Hitk, TlRtiHft^r^ij^A 

{S£lE£R“tt3lS Miller X'J 7] (If S) 



% 



m 

l£C O 
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n ° H aia w “ as *” #i 




j£ 







ain -MM“ 





“AS” c ^m’’ 


” o &MM 



—^r 'ACT o j* ^ 'A' 











n&iummmmm% k. ip a 3 

jft^r^J C a = max(o,S'o — K, 0) fP Cb = ma x(bS 0 

« (TfflmiiAI^J:^ c a m c, 0 


wm# 

A', 0), Jl- 1 1-' max A /]< M 





sy 


“ ^ m ” 


/, mil'A AX, liii't^JIJ J ‘ f f: f"J 



/r.H'iu amtfA^&mSU, 

wmrmb 

jwas, ipaa:*(TJ^± f[^Brt^^ ; »ka 

S, /AWEWAWSatr“f« 



li'J i: M A A 





\ 








o 




sn 
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waaa, mmm% 

IV I' A A ffi # 1 j IV I' A B 

A A vE&jfrfcMMfftemt* B ftfoigift, 

“ A viz A A iij” £r A A $ A * M ^ # # & £ it * ty IJ1 £, BP He if j tf A 

mm “ xmm xm-mmmxx “ mx-m xm-mmmxrtf} 
mu, m 

fHfnJ Ifilf#, A{n^nrgi*5Z^c BP^AHW&ltffi#, A A 
AlEAAHjo A AAfi]Affi#Afj‘“AS” o 



— Sq -\- xCq — — clSq -\- xC ai — Sq “I - xCq — — bS 0 “h xCfr 

* ilk a m n m a w “ a ru ” a a a= 


C 0 = 


C a — Cb + aCb — bC a 

a — b 


2 . IJ$PA‘AA”AltS^AS?iVEflA 

AfiAWAI#, ASIJMlIAAfflMlIA^MlT##; (AfilffAS 
H'JM#, o ^Dc^iiA -A 

munxx y xmrmxx z «iwa ^ 0 sjti&HmAfHr a 

A AIMfiAfflAAffi 'A, A * “ m A A A mu ” lie ff $ij M A ^ * 



y + zaS 0 = C a , y + zbS 0 = C b . 


iitt nmn 

Ca — C b aCb — bC a n c C a — Cb + aCb — bC a 

z=— 7-. y= - 7 —, C 0 = y + zS 0 =- 


Soia-bV 


a — b 


a — b 


3 . HefiAfSA“AA”AllAMItttia, {iAASA^MIttflAW 

AtBtt (») AAAAo AAA^A^AIMSB^AtiffJlfmAS 
MltAtiH^lABlftteif (BPBifilAlim^)o fK^/iiA AAViAA'J 
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#ii£T, «a & 'I-amr -aaa 1 , a aaj- i ; bpjstuw 

m, mmnm-, a.w fm, 

mmmnmo 

RAE, :)|MUEiliRR“A A”, BP^iAlfea^RAIlWlftEil, Rm 

aaaijfxaaa: a# 

HU 



|Aj .F 4 
>tii' IrJ 





n o 


/pHfHiya k, vjLr,-/hfj' ahj ^an'jMnjirpkf.'iii', a n “a a” 

AA0A a m b 

aaa 1 , a -aar- 1 , aam#/± o a 1 airm q mm itn 


aq + (1 - q)b = 1, 


BP 


q = 


1-6 
a — 6 


m “ a m” mmimmm^±m^jmmtiii tw wum 

imm-^it, bp 


Co — qC a + (1 — q)Cb — 


C a — Cb + aCb — bC a 

a — 6 


Biack-Schoies mm Ma, A'l'AF AM A A j 

Brown saiara; mm, 

A A IK Y)\ lA # M t/ o Black-Scholes A JR it A A 1 

na, ;ama-# 

EMPiii#o piiiitBiack-schoies mu 

iAA AAA Merton ^lAfFA, XRl&T - 

Biack-schoies isitWMaaara, a r amauf, i-it 

/ikaaruaj'iB 

RI&iA^R AFlAtE# (Sit±X#“AAFiia (contingent claim)”) |f 

aaaa^#MaxM®w§a“Mfiiij v - 

^nmmmkjEmmm^jEo it±®As 

ia , ip 


a in a a mam# a a am “ %n n w - AmMAnfta a m 

¥M&0, ^A“^RAFr*aA@”o fflaAfilllAFimffiiiA RA 

mm-, (AM) 
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m^&m^m^mmm, m Hi 


it m¥±m%“mvtmm&*), 

m¥±w^mmj&“mxtm” ■, Majaaa#, &aa 

mu 

mAitpamaaMm, a*i&aii£ttW£rt£itt&#, a in a a 
9Li%-^mm^*mimm, mmaaAM&tiaifto a a 

A7, Black-Scholes M it M >K 7 A A - IS A i£ 17 It S ll^ $£ W a M 7E 

J7±IT N&m N Mff %± NMiAlt o 

at, 3AMwmM#naa w 

“imaftfApra 

a ns o 7 i an, maaiMMAo 

A±#a-#N, is»aa, HH#naMf7ffi:7ifljiixNAaan 

^amama-Aatu v# 

Mo mAmmtmaa, tattis-to afc^a, 

#iJ£R, Mbma-b^^, C a = 0,C b >0, 

itrim, “m^MM” 

ftw, a a a m m m a a a a & a m n %“ a a ft a *. 

)m -fija-aafnaa 

a, fii7/i:aaaa i- 

ata M>tama±^-aa«NiAAAia, 

mmo am, &inat&its&-i*aji 

a, tag a e it it a a if fflaaaNa it it 


u 







H,h it ;7f 7' n- 










1.7 a®afnatfA*tijfi^^p^aaasaaaiAath-aa 
SAiiftititc afltBMMJ, rT 

wjnaAataAAiAi-itaaa, &#iaaftAiAtmAtjAAfniA 

ai«. ®BtMftr£Naaait^a«ffiatfArt^ANAAipaiA, 

ift:±®Nairasa, Ratu 

tfE^wa^p^awiW^ftAAtJtriiA-aaa ttaAti 
^wa^AataiAfA-Nnio saafnaa^atija^awit^vt 
t&#. fA-aiSAa^NWAatftsaiiftMTo as-aaa, 

itiMAA&AAiaA 

^aaasaaa, taitaw= 

«]i'i 7 t,A a a m a m ® - # = #1 a a w “am” a “ a a ” w a 

majo “am”N^f7 5 i oaBApN, m“aa”WEf7amwM#ft%, 
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e * ’ V 1Y ' ^ a* ^ ^ ** m i® «r u ( c ) ? w c & it pjf fx &J Y)\ 



I PI 


i'V±'^\k aSo, A AAA bs 0 , A'I' a A ’>. 

id a • it ii‘j, wt3um%Bm, 

1 

if". *j- a , & 

fflgto 







>IV 





£±, ^HAiiJsMSj, ffitkvEmMfeifrmfcmtom 


{SAAe&M, 


Aif o AAftMAifEiltfMtA a^o a) fHj® 

A P, ffi] A? &5'o 6) WI$Ml-p. A A 

(p,i-p) a mm § b#@ 

i'll A A A #|J Ilf i'll “ :+. XW fft A ” c ft< M W\ in von Neumann-Morgenstein $J 

mmtmmmYk ulua#), a 

ma^, in%:A&wi^amnmm%c a ,it 



It^b Wff fHAHA c b , 3 PA^A 3 jA^W^/fJf[AMc a ) + (l-.pW c &), 



> 1 / -±^r .'/ik -± 


Slfcic AftkW^iM W&YA 1 j A A A 


%mm #ia, a 




mmzm, 


U(c 0 ;c a ,c b ) = u(co) +pu(c a ) + (1 -p)u(c b ), 


a $2*a, 

o-% 1 „ <s&# 

A-mi^wimnbo 

A /i: Aijyfi'ft A e 0 , 

i\ A A e a III e b . XPAAl Yk A /li "'| j)ij |hJ i : [4 IJ /)'13 £<* ($n^ x d < 0 |;l| 

1A#0, MiKAJKH .r, (M .r, < o .fi'AA “*A”), AAAIAmfx 
AIA> I' 1 )Mi]j AHI)1w’. IPA^IHfcW 




Cq 6q A)^s? C a C a ~\~ %d ~X ClS{)X s ^ C b C b ~f~ X d “I - bS()X s . 


\A 







trAAI'JmWo &#, XI -4 *i 





9e - m 
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u (c 0 ; c a , c b ) = u(c 0 ) + pu(c a ) + (1 - p)u(c b ) 
Co Co X d SqX s -'S 0 
Ca = C a + X d + aSoXg ^ 0 

c b = e b + x rf + ^ 0 


mmm, %amb a a i Ma, 

#A*BfiS A l l. A A 

m^A±±tWc AffJnJAAAAAAAAAMrt 

%-im, ln%:&-®mGMx d ,x a , 3PAAA± 

(^IW) *n£ 

AAAIH^ o All 

twit, txm 

ia -iaaaaaaiaj 

dU (e 0 - x d - SA*; e a + Xd + aS'oX^; e fe + x d + bS 0 x s ) 

-aj:- = 0; 

Ct or 7 — a* 7 • or —o'* 


, R^ifm u j§- 




= 0 ; 


'X'd — 'X'd'i'Es —%s 


dU (e 0 - Xd - S'pXg; e a + x d + aSox s ; e fc + x rf + 6Sox s ) 

dx s 


= 0. 


x d =x d ;x s =x s 


Si^ 3 


U (c 0 ) = pu (c a ) + (1 - p)u (c b ) 

Squ'(co) = aS 0 pu'(c a ) + bS 0 (l -p)u'(c b ) 


&itm^nm, 


Co e 0 Xd Sqx s ^ 0 
C a = e a + Xd + aS 0 x s ^ 0 
Q> = e 6 + Xd + &SoA ^ 0 


1 = /M + a-riAl 

p u'(c 0 ) p u'(co) 

1 = ap’tR+K l-A^ 

tt(co) tt'(co) 

>. u ir li Ai<j fi'A: iH .',:fift;iir 

fi<j AiiA 
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4 q = Pv§y MX 1 -q= (1 ~ p)^§y 
7Dc ftm 7 RUM7 “77M 7 TA m 7” (ii&ii, 77 u 7M±iM, 
77 m. (“i£l«J7”) iA7^ET§7-m« 

77fi7j£77iA$77SWM 0 ill -777^77 AJ» aS 0 IP bs 0 
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s \ :£C b^ jvu-% 



A 






Jl±s* 



S41> 



mmm, ISA- mmmmsmifm 







E 




Mo mshmimmmm^lilo Silk, Mtmf'M'M 

mm^imm^mim^m^iAjo &B4, ie^ 14^^jay 

ii-ijSX.J T-Si^i]jJA*AL USIAmiAMaiS 
Am SfLJSAIh^ainWA45feAIPBI±^f4^i4iAMW4i^TafrW 
^M^iSli4iAo lAimAiffmimm, mWiMAM^o M 

w, tmm 

AS A 33 A< fu 

sms-mm, infiiiniNmmA -t. -mmmiim 


/» 







-t 



^Ll> 


to m m pi itl ^ m rt m - ft w £ it m is 


mmm 

m 


>. /.'i - /. • >i/. 



. T l _ft 

m 





4* ffi # hJc ffi # ti. n* W 4= 5fc S' I# ae- if {6 o $P H 3% AH IE' A 


immiMM*#, fmmmnmi a» mm, ^pj#m 

nA^**^^^i4itW®ia^ik«Sc1S4iJo /I'.iAITflAB K, lAinsi Vi 
A: A/AIA iiA|''J ''ii:S'|iiJ. SliSiflSJl^^^nl^o BP^A'iii 5 ! y,z e 7W, 

^ in w i*i ir a y,z I'n^isAR E[ yz \, si e[-} 

A-'/u ^ in, BP tM-A Hilbert ^fi] (Sr ARMj£)o 
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IfafaW' T'^ll 'V X\ Ifa /ii X « & y,z$ 



ZU> 


KiJ 


Cow[y, z] = E[(y - E[y])(z - E[z})] = E[yz] - E[y]E[z 


faX) y m z itlfa Zy = zN, 

Var [y] = Co v[y,y] = E[(y - E[y}) 2 } = E[y 2 ] - E 2 [y] 




E[yz]%zxmmfo®\ o 


M'MSSWMltt ’jKWW’jnZMli t >l('hi0 Cauchy 

Co v 2 [y, z] ^ Var[y] • Var [z], 

y = az + b Hf&yL, Sfia|P6^fti;;fm o 0*, 

^ymzMumM^vm, zinzmmrzmmim, 

mnmmymz w-vmE[ yz \ m-r* znzmimm 

fchDft^R NiiimWIZTuM y,z 

5c 

SlfaRWT^iM®^, JH« 

XX, X>J J• I•.ifiiI e .$£n'j R/Emi Hilbert £|uj M hEi^, 0fil y,z e M IE 

^X, = o. 

“ vfc/E tJl M $ I hi tIL Hilbert $ I hi ” jjx Si:t /E tE HI SI hi uk EI3 Yj 

Ihl^/EuklP 

mm, M^mm 11i11•ert 3H3J;,€!Eli/ii , ! , j'“KX'tC'v:ii<]”, Z Te^u 

Ross m apt mimmMiuato m&feifrmm 

p\ M. —■> M ^33^63 o lit /i. M R^tiSIhl faHllW , 0 

fa, M£±£fcHfcRoss lfa»j;ttffali£fa, 'tiffi 

o mnmzmmwt 


t kVRfav/faEbEfa' • 3:$A:, 03;&fa0r^$ftjfa 




m±?m, 


» J3 
JEZ 



si>> • 



III ix: 


1. £jU*ji£fa M fktfiM fa 

2. I3H S f y,z e M, ZX E[yz\ X fa III fa E] Ih., 3p AI A 
Hilbert 3 l fa „ 
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3. p:-M 




/i ; a n m #i & h, a in £ gp hj t# t ® w « te a : 

£ii 2.2 (Pim^uani^#s^ii) #r±w 

^rneM, fiiflfX'J 'J{T:t'J y e M, a p(y) = E[my]. 





rn M liP'kM lk»'fWYH 1 : ' 


It ilE # IB o' o 'Lia tj M 't 1 itj Bl t/l tlf 0 ~f~ (Stochastic Discount Factor, 

SDF) 0 


Jk W\ in “ Riesz $c 7F /E it ” itj H JJc tfe „ g|J tt /u Riesz ki 7F /E a tfelB £F a 

js?o atw^&#*Mi£;EaiftM: ^ 0 cm 

0TW =1 HU {t W vie ^ U M. ± \t (IU Jo S, ifIiR £ ^ “ MIS ^ ii ¥ 


JO* 


0 ”), titt y e i? 0 , -ft p(y) = o. ip^ da J-/£b£iI t p 




tKlTOfBlo a i11j Itj-T^fnj -/ii n[ 


Ittit, Ro $$ M ift- 

(ii.3 ^/jn| n]ma]K (h&“lE3£” > gp Rjilk [b] s. (ftP*3tR%#) WP4 

;,ti*[Wfl!RJi'll; 



m. 


aw? 1 HitfrtLik 





& ■^ m m s hu s^ /r - ^ //X ^ j “ 4 

m\, 

f o $P, ‘fi‘ a lit “ PS Itf a ifc ” '(A %i > m z; - r trj m m wi te zu ^ 

MUknm 1 

(MleM)= 3ZJfl, Black-ScholesliltXTE^ait'tD §BWIJ37E Ht 


e mm) mfm, m rr 






w tn 






Eiio 


mm) 

Mo mmm 

wmm^o tuimmo 

a it a- 











til'- % 'Id M '/e H t't iJi 1^M & 
ifu^/E'Ktr mm^r^ M tk, tjM#, 



A- 

o 


a a {w tic in m$$L rj m ^ )u - is t m. m a 
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(position )”*rt 

in, i!: * “ * * ik jay ” tii a mi j• a t * ** m .v m a ps H‘j mtii&m* 

m. ^ & s m pjt is “ mm u & *s- * m m n t in m * &±n mm mm 

Gmmmtii&m, m mt ik^ amha mmm^ 

'I 1 , ini M -n/i: 11 iifj H IT H'i II '-^ 

4 1 > 1$ |s] 4 1 (ft fa s. > f'J!f 1 -/ fi )< l"J MS 





2.4 twpnfyniirif^^t^ 

m%±> ih i# t h'j* % , ainw 

Co v[y,m\ = E[my\ — E[m]E[y\. 


WiH-., a nm 


p(y ) = E[m]E[y] + Co v[y,m . 


(3) 


MM"), (v. l-.ifii* SLM'iilU fitSlM M ii-J^ffj^l'j VN*MRI% 


■ffi#* 0riS^MM 



H+ti 

7Et0^> 



a 1 ; i)/fi > 1 : A 






K > “ ilE 

smsa-swarm#.. m n, gmwsiiJK 


mf&mmm i) mm mm 





^ » U 

n > 



'j> x « * & m # m m & in t'Ait”®*. 
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tth = i , 

MM#)„ &#, 'I' tk4' • >ii m a A;H 

mm° $mi£m nm 1 nitrs&M mtlMo 



Hr & xi (3) SMM'gi 



E[y\ r r 

-h Covly, m . 

r f 



mHri&ftM ^MnPH 


m-M E[ y }/r f mmiiHiNffrii, 



s%> hf> 


o i.'. ;g i I i P |c It Hr 




Hi' 







’'ll^ 1 



iitk 


; Jfi- U'A Co v[y,m\ JjJiJ jk ft (ft J*l l& HT HL « 'EM 

I'f mmm 

£[r y ] = -E[y/p(y)] = r f . 2.1 Wm^aiPry£o 

fii.^Miij ^ a a # r± ammi#, im a in ^; 

l^i 10$ 14 Hr If )v )< It tyS ? Si^ IhI Hi 7fc /yv 3l£ ITO ^ FTJ m J5L 

mm&<. mwi, 

im i-., tsiMMiMfii^iii \- m 'h'pjvL 

wps mmtii&m, mm&tt&®yeM 

m, /i. I e M !!|nJ7HP 1 1 ■} !) l'i<J Pi 
IRo Ifij/Ii 1 £ -M H|, 'l: >4 I'JW (HI' A4 I -.I'll § !| 

PcffJ I'J ili Riesz ^/jvmi nJ‘ln> {{ {\ M : l.vi £ M, i'Hl'H'l j'-ff: 

f n J yeM, w £[y] = ^[l^y]. 

I|1a< II lj ^JxU&iiE#lft “ II fTJ *1 p| (mimic portfolio)” 0 Al |'|<J ff 


& ll : M 'I'/r /f. A; HI& IP 




H 




E[ y ]. 




, 1 i M HI, 1 M /I'.n ^Jlil 
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'C 1 /E[m], n'li 



% 1 m Var[l# = E[1 2 m ]-E 2 [1 m ] > 


aeW 1 M/E[m]. {It W * M W ^» 1 m W^RT'ttM: o < E[1 m ] < 1. 

1 -f 

M Jt~ 

o. IB E[1 2 M \ = E[1 M }. mat, ±kUX=i 0 < e[i m \ < i \\U1\"}'\iz» xn 

x-xirxxmkmm 


* w a 



y\\ 





*1-^ * U f - £ 


iti^j t, xu^-xxaxmm, xw/xa 

x h m m xttixjA m ffi # ttimvM. 

xmmmmmmmimo 

a^^X u WJk ! XX” a m%±, 


r 





Co v[y,m\ = E[my\ — E[m]E[y] = E[(m — E[m\lM)y]- 






Mfcm“mm&^”akc rn = m^E[m]i M . mat, mxwxMkVttxNiX 

xum, LH;,i!ii-'j r,„ \\ : .'mxxux.o mimxum 

mtXXUMXX ^JALc * “ ,'| K, ik X XX U ft M 

, p(y) = E[y ], m = 1 (i'ic # >li *$£|;>J 


‘MM, rn = 1 M , \B E[m] = 1) 0 





±, XM m X l M Nikk 41 o' at l-K it X IXI c C m = m — E[m] 1 M 

r4^-yjv — 



* m ItfeMJiiil:# (m XX tt, tax ctm 1) i‘!c X m X 1 m Itk I (BP 

m = al M , a kXXit) fill tij M K. iftj&XOta * m XX 1 m 

o,a^-^#r± 

m! G M., it-ft Co v[m,m'} = E[C m m'] = 0 , E[mm'] k 0 , E[m'] k 0 . 

M Nik I X 4a. ,-, 

rn xtamfoMo mat, 

fiij 'I' X Cm iKSCH'J IB IrlX jii rn’ (££# (ft [X M =|$k#*) ' X 1 j rn X 11: 

£ ( ii'i i£ # JB & H-J * ft f W> ik i;i : m li X ) „ BP#* m' e M, MX 
E[C m m '] = E[mm!\ — E[m]E[m'] = 0, E[mm'] X 0. tX W IX ^ — 1 ^^® 
# 1 * E[m'\ k 0 . 

X X (zero-beta CAPM) ” I# I #Ok 



t'&xmmrmvEm“9-p % 






itiXNjM^^NiM-jXo ax Black [1] * 1972 #il #}-'I 


Zv - 




* m 0 



Ni 



J.Lj 

A 


mt±k)±, 

ciii ; pj 0 mmmxkk 


'XUUX 


2.5 aini-#g 


it. 


/> m m c 

t m m %%mmmmXo 


x = 


fl'l. II *I'I'J 4-;>X H ml y e M ( p(y) = E[my} k 0), 
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y/E[my]. d3 J ‘ M Jjp Hilbert $|'h], i&-fie if J tii {\ r y G M, BP r y '\ 

A >ii H nil * p(r y ) =p(y)/p(y) = E[my}/E[my\ = 1, BPfffSJiBt 

m >¥ r y W =i hu ifr fl & % i- &Z, 1 ik 


/Ell 



(fiJ^Plil If) &#, 


R\ = {r G M | p(r) = E[mr] = 1.}, 


m ®¥®o 




ffi jay 


s 

0 


I'uJ'|> iKj f MM. — 



‘sS 




£ fuj fp ft f Jt r, 

m cmm^jiuR) m ¥ 

NnAfJA, IIIJ'YI'PJ 




‘sS 


I Uj JA 


Ro — {r G M \p(r) = E[mr] = 0.}, 


bp h-m r y , am^Bpom 

#S], r z G Rx, r z - r y G R 0 . 

R\ = Ro + Ty, BP J ti ^ Rq tfy'Y^o El:I W & ft Ok % » ll] til -Ro 
SSilJfcftOP) 0 y.j lb • | > ft %% U H III St J • JP t'!)( & m ft 

mm a tji.jp> tutgfje“$ w 






fn] m$ |R] 1 1 1 “ It 


\\ J-'f' 5lJ A?/ + /X£ G i?i- {H Jti |P tB A + [J, = 1, UP\\]/$ft W Ay + //£ G Ri- 

ftMSfp] >1'W&#‘PI:IWflS Attllti, ;!in /: ii 

m%±, 




M'a Markowitz ftA^A 

feVrmmmmMt ntt* 


2.6 



mm jb - ■ur, & in * »at & wj se * se / 





Autk, ic in % iJfc iJfc ft* 'a Jk A 

7E, 


#/± r. u G R, -Ail a A 0, r G R 1; W 



^ ft . 










R: A AiP: 


E 


r 


- a = C0vt :- r ."- (g[rJ - a). 


Var[r 


u 








m wm'M 1, JIPA/i: -M • I'/r/i: -t,,..., 








fffsj X G 2W tp ||J A/J< A X = X x z, jp‘I 4 AjGR JA-ASc iAif't , M fp ft# 
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#/£ \j\ b£i tk i> k\ !i- iiii'k '14 W , p(x) = e [mi] = A m A* .e[ z 2 ], 

il ; 'I 1 m = A m z, J1 X m ^ 0. X x ± 0 JjjiJ x r x = 

x/p(x) = A x z/A m A x .E[z 2 ] = z/A m -E[z 2 ]. M m |'pjM^ r m = m/p(m ) = 
A m */A^ 2 ] = z/Am-E 1 ^ 2 ]. BP A< i?i StRW ' tvLi-o 

E[r x \ - a = P rx r m (E[r m \ ~ a), Pr x r m = Cov[r x , r m ]/Var[r m ] = 1, (5) 


&z, smmzvtmmpMZfe® x e m 

mamjEm x > o, w p(Ax) = xp(x). p(-x) = -p(x). pt 

Eft , p 3Sffi/£ p(±1m) A o. j&fcf, tWkktl-Z. r u e i?i fR «^ 0 , 

ft f n J r e Ru ft 

'H - * - ^ W - * 

r = Im/pO-m) tB r ' = 


^[1^] Cov[lx,r u ] , 

p(1m) ^ p(lx)Var[r u ] 


g-i^] _ covhwg 

p(-l M ) p(-l M )V™[ruV M 


JA rfo > 


E[1 m ] - ap(l M ) = {E[r u \ - a), 

Var| r u 


~E[1 M \ - otp(- l M ) = - ( '^ 1 ' w, r ^ {E[r u \ - a). 

Var [r u 


p(i m ) = -p(-im)- m ± v MmmjE7r'&m%kttR m 

znm, zmimpZM zmm.mko 

&#, mnm± 1 ^nssm*^^sfgj±, 

±m p(±i m )^o muzr, 

Z If¥ i^rAt . 




ft mmnnmz m #11. eh ± o, ja 

ll'u "J ijc ,‘li IP jflf'V I'Kj \\k , 1,1 ;f< r m — m/E[m]. IIIJ 'A Hi ii. It Pt^i'i !E> X-J ft’ 

ijtmmmnmn^m^p zjEZ'Azatmm, _a p(±i m ) a o”%m 

Jc'Jo 2. a A 0. M % £ m Eft, ft Xt M E] r u +11 
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uji'll) M ti 7 ft ^ 





^ Tv mk^mm, BP a = E[r v ] ± 0 , Cov[r„,r t) ] = 0. 

m {s^nnam 

kk [n] ffij 

Min lAiifV mifi'j =ilu iit ftMIt M ° k< /i: k riTf. I’l-J Ik■’!•• 

M. ^ lx WrtlR- INJ M >ii fV ll'i " I M f/l fll. Ik |L >-ii fV ffi 1 ; R6 IJ L U r M 0 f 

W IR c H ^ 0 5iJ ill IR W Jl ft M X % ± ^—"h IrI M m %—^ ft M ift 

f®I» Tffl 

13 —■ ^—£f£ $ I'H I 5 

Hitt, i m, mnftnm m k i M im. & 

Atfl"! ft m KjIJMlRia E[r m \ = E[m/p(m)\ = E[m]/E[m 2 ] ‘-j 1 M 

E[r lM ] = E[l M /p{l M )} = E[1 M ]/E[m] BP 

E[m 2 ]E[l M ] t E 2 [m]. iAf^i'\{\. lx 1 ft, m ^ 



mm- m ft % w m vt ii: 7E m * m ± r ^ 





AEJ£ 2.3 *&£&&&£ 1*1 M %3-M.tfoitl fa M 

Hilbert 5L ft . p: M. —■> M % M ft ft ftftft 

x G M ftftft A > 0, |f p{ Ax) = Ap(x). ft ftflft ftilft ^ 0, ftJL 
lx e M AfuKmz #-1 (ftJt l g M) (ftJfl 

11 -M)„ 

Ri = (r 6 At |p(r) = 1.}. 


ft :£. T ft $j ftftiSiftft: 

1) — i^/#^ m G Aft JL R[r m ] = RftftRfm 2 ] A = 

E[1 M ]/E[m], ft#ftft ftft x G Aft ft p(x) = £[mi]; 

2) (if: /3-f-^f-A^L#^^ > zero-/3-CAPM) r u G i?i, ^[r„] ^ 0, 
-JfJl' 5 T r G -Ri, ^ 



Cov[r, r u 
Var [r u 





r„ G Ri, R[r^] ^ 0, Cov[r u ,r„] = 0, E[r v \ ^ E[r u ], 

$&]&, -fr&t?? i e M, 

trZLVHm, CAPM) 



Cov[r, r u 
Var [r u 
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jth^h, 





r u = 


it 1) & 2) ^ Bt, »T$-m = am + 61 m ; -$- 3* a ^ 0 fo 6 ^ 
# u 6$j|*J£4 r u G R x 2), £-t 

r m = m/p(m ) Bt, 2) /&_£.„ 


£[r] i|'^. 

E [re] E [x 


E 


p(x) E[mx 




m' G M Cov[m,m'] = 0. 41 |[xaE p(1m) = #[m] 4 0 ft}, ]&#$J 
ml !i/j ; /l:l!'j* ^^.SEbJ! c>j<i p(m') = £[mm'] 4 0, ^[m'] = 1. ipi^ _h, 4" 
ml = cm + dl M . JBlJ 1±| Ri'\ 


Elm' ] = 


E 


mm 


! 


cE[m ] + dE[ 1 M ] = 1 
cE[m 2 ] + <iE[m] = E[m 


tL BP TTf ff 


c = 


£’[m](£’[lx] - 1) 


d = 


E[m 2 ] — E 2 [m 



E[l M }E[m 2 } - E 2 [m) ’ ~ E[l M ]E[m 2 } - E 2 [m 

414^ ft-ill E[r m ]^E[r lM ] f#£lJo 

JWJU'j*, X'|J‘ fm = m/p(m ) = m/E[m 2 ], = ml jp(ml) = ml/E\mm! 

UR r = x/E[mx\ G /?,. icIHW 

E [re] E [m' 


E[r] — E[r 


m 


E [mx] 

E [mm 1 



' E[x] 

1 


E[m' 

i 

E[mx 

E[m\ 


E[mm 

/] E[m\ 


E[x]E[m\ — E[mx] E[m']E[m] — E[mm' 


E[mx\E[m 


i I! l-i> 1 j R 1 1<J aL’ X U R 

al bp bj' n 



■yw m * 


7E 



E[mm']E[m 


Cov[m,m'] = 0, 



E[r\ — E[r 


m 


Cov[rc, m 
E [mx] E [m 
Elm 2 


E [m 2 
E[m 


Cov 


re 


m 


E [mx\ ’ E [m 2 ] 


Elm 


Cov [r, r 


m 


( 8 ) 


-b d,i m 



R, Rl x = m FT'|, ill 'V R ift R SL > $cCH7 


r E[m 2 . r 

£ r m -£; r m / = - Var -r 

A ra 


m 


(9) 
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( 10 ) 


tm ( 8 ) m ( 9 ), mmwmm 


pr T-rr Cov[r m ,r a 

[rx\ - E[r m > = — r —r— (-E r m - E[r m > J), 


Var[r 


m 


BP A - A m — u 2) Jj£ o 

Ucrja'Bj'fti;®, E[r m ] = E[m]/E[m 2 ]^Q,E[r m r] = l/E[rn]^ 
0, E[r m ] — E[r m >] = — Var [m\/E[m\E[m 2 ] ^ 0. 

&z, ^^# 2 ) mzo 

=i E[r v ] o bp^a 

I’M/I M ± (ft IE A iS ii ftf x e M, p(x) = -p(-x). 

§£ ii J A fl & r = x/p(x), r u = u/p(u), r v = v/p(v), 
E[x] = E[u] = E[v] = 1. iM, 5 = x/E[x], u = u/E[u] ft 

v = v/E[v] 1|X\£ x, u $\ v, (ftEfitA A(6) lieA %] 

E\xu] — 1 


1 


1 


p{x)p(u) 


1 


1 


p(x) p(v) E ^f) N 1 \p(u) p(v) 


V («) 


Hitt, 


p(v ) — p(x) = 


E[ux 

- 1 

E[u 2 

- 1 


(p(v) -p(u)). 


-fieff J HiillX I’ill m = a'u + b' 1 M p(x) = E[mx). 

piy) = E[a!uv + b'vl M ], p(u ) = E[a'u 2 + b'ul M \. 0]tb, a', b' rJ'^T^JIj 

nmn (&M-. e\u\ = e[ v \ = 1 , #h = e[ u \e[ v \ = i) : 

p(v) = a' + b', p(u) = a'E[u 2 } + b'. 

fl AAA 1 - E[u 2 } = E 2 [u\ - E[u 2 ] = Var [u] ± 0. 0 

lit, Jglfi c M ill, 1*1 A ± E[r v ] m E[u\ = E[v] = 1 

p(«) ^ P (v), mtmnmim a r ^ o. miE&mA^AAAAA, mm 

bp n s'] 


a + 6 7 — p(x) = 

Hitt;, (iff: £[i] = i) 


E[ux 

- 1 

E[v? 

- 1 


( a' + b' — a E[u 2 } — b'). 


p(x) = a!E[ux\ + b' = E[(a'u + b')x\ = E[mx . 


iimiil p 7kJr'&W\Wi, SA#AA$t A$f A p(x) ^ o (ft x e M AxA 

fti^'14, AtEABEA I6M JjSAc #ijp±, p(«) = E[mu] ± 
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p(v) = E[mv] S E[u\ = E[v\ = 1 bJ # Hi m ‘ j l M ' ‘ >J_1 S j ( ^ > M^tli 
E[r m ] ± E[ 1 M ], Hitt, &f|- 1) J&al o 



itf^b M m e M 1), W'a M-i-iW'i% 

a ^ 0 Si b, u = am + b 3HA 2) (53Jjg) 0 ixiA, u 

2), 31) Wlt-W rn = a’u + b ', a’ ± 0. 




7E 







r-mt t&, capm shar pe m 

MthwcAPM, u^rni 

mJAmm&mm capm, * 

lunRmjtai,« 






£HA l «Mi X- f M I'. 
Hitk, *gff^^M4 1 ^RmW“rUJi^ ,, W 



jpl> o 


■S/eS 2.3 ^ ^^ 53S±5P Ross [8] 3(1 Dybvig and Ingersoll [4] 

v wfiij, 


#fl i-Lx y A $j 5t jt o (3 = Cov[a;, y]/Vai[x]. 3p 


Var [y — /3c] = min Var[y — 7a:], 


£p ( 3 x x 63 #■ It 72 ; S y JLiM 





Var[?/ — 7a;] = Var[?/] — 27Cov[a;, y] + 7 2 Var[a;]. 


^bprt 

7 = (3 = Cov[x, y]/Var[a;] Hf, Var[?/ - 7a;] jA 33 35 3 N <> □ 

i rT 3n, d-jii3j^^^r/£arfiM® W 3A#ftj^ifmS.: 

/ % y r u r u = Cov[r y , r u ]r U /Var[r u ] 3$0fW 7 r '« r l 1 f 5 A. H (ft Af H 3A 33 JI 3 N o 
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r u f[|"l!i:| / />|Ji, BPffi >R 7 si a, {£ Vax(r y -'yr u -a) |'|<J ! j 

JS'Jm UPS, 7 @r y rm-> rffi a r /(i — /7 y r m )- 

> Pr yrm XHPcmSS“ ill 

Mo 







M/Jlj CAPM, 1 jMv|Vl'i<Jl"in^llr/iAtr I'. 7 


ft m IE Min4 “ f IXI U ” 10T X, AS M IS « A Ji A Modigliani-Miller 

1958 asmi?®ashijism^ajuD ufne 

[3], Ingersoll [6] £ ttESMSEXf (AmiM-IP 

IE, AXUMtf IE) AH;RJUI.A (atuUHtAS, Ptfirfn !! IS. air R. 

HcMJlM Jarrow [7] 'I'R ASH'JlSftMii 

mt, stRJiaigiii“AiRRi(”wms, xj-MAMft ammo eisms 

|mJ 07, HeMXXtJlSftXpjXAX 
MIR”, ai^fRASJMIRWASRJlS^WSSAlinRlJRlo 

RiHiE AMMXXWXft if Aft H Sill ft A Ross 1978 ■! A 7<fi<J [8] to 
AM, Ross llf/ii ASf!<J A ft ft] IS ft ft ft EAfttS XEflA'I 

ft R; t M ft ft ft R I- A s o m in m A A ® * ft if & - A f r ^ 


fa 

a m --j - s si ^ t atr a sn s ft if, He in a ^ ± Ei if ;$ : & ® #■ w ts it a hi a n » s - 

JSMXg Ross [8], AA^X^ftftftltfflfSi&JlWJJI Dybvig- Ingsoll [4] itAffto 

m m tti m a in a m rn a it n: wij tu j • Cochrane a,, pm-s in rn n if a s n <i rn # a» 

Cochrane ®Mt, £&tt ftftMM ftf ifaHclfJMM “ IE Aft ftftft 

KriLiAAftif, 


',' Aft ftSlftftfttUl- IlfiARii SRifEHAllrlJfiiJ ft CAPM if ft 17 El' • 11 
M Duffie [3] ftJftftftftftAAAftffti fV A; JlS i A - iiftHi ft ft ft ft A CAPM 0 if 
ft' / i 'i\' ft A 1 3^0 Ingersoll [6] ft ft 2 A til A If ft ~ • if ft pj ft „ Huang-Lizenberger 

[5] ft ft X ft ft /I A 8 v . AAMft 


AE 


J arrow [7] tJf M '& ft It lift it o 


ffl B 
/II>> 





i. it#t, a xat*&r/£vtioj jsiHj%P 7R'jr-o 




? 


2 . 


Mo u^mmmnu^to Mftmmmnm? 


3. ^#SJfflR]SSf0]XA, RfA, 

4. ji A AVuXruJEj? ^jxs* 7 -#^#wa^^®!Tij 4 swiiT^? ^ 

tjif SttliE 7ilA? 
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5. (m&> 

6. itt Hilbert ^,mm\ZZ\rZW\ MMMX? 

7 . /I: I-. • Dl> 1 1 i-[if>H<Jfu;*)■'. mmUZiit HiM 1 1 1 , 

ZUm Hilbert *|ii]fll|l)fl|JLi|rfmW f ? 5 M 

'A Z Z U M Hilbert MMZXMifZ ? 

MZ? 

10. i& M Jt ill t h ;Ml m ffi fr H-J Z 7ii U rt.7* fi>J, BP 1 e M. M 1 c M % 

m $rs], fi i i Ml &m, hk m i z i Ml 

Z (U WffZZM? % wft z&m * x ? 

n. i m, 








? 


13. 



jli 


j* jaw At Ml iA.r. •, • 1 & r e Ri & % r e i? 0 , BP afeM 'V W “ & 

” %“mwMte” , wzmmmzAmm? 





14. imi, $RH rn e M $§& CAPM (£@ 2.3 2), MZMZH 

f n J S tfr a ^ 0 |P 6, « = am + 61^ til '/itj a CAPM c 


i5. \m, Mzmzumm 





ALI> 


X 




*p& 



Covpr, y 
Var [y 




Covpr, y 
Var [x 



5 


IP £#r± S it a + 0 |R 6, a# y = ax + b. CAPM 
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^F A IAit Ar '/h ® o M tb , jX 7tilK tbit M Friedman 


2. /:M -*• K, 

0 ^ Ml tJi 7 ‘A S li'j FJ<I S, BP'& ^ (i^ 

S)ie® IHaeT (03£it) y = fix ) e M A; iA tS )A JS <, tb® 






Q- A —> -B mAI? X'J Fj: 


A tuH iei 3^77 M --7 /l4v y = g(x) e B. #ij 


M, &S ,1 J-B B r7, IP7 g lie7 



was. /r.-ficffjH<ji'H{>'iF mmnm^ a&b w* mm 


sK 


F7 


3. iS]m^i'b]^^p$: tEtVTt'Ai&T: -x AAiiiMtAA, 

7iA7UlM • tl''J 7777, M'/iY f n It 777 7 7th n ^m ; Xfff\\- 
7 W 7 IA yi {i = 1 , 2 ,..., n) £It ifi 7 J fA II y = (j/i, 1 / 2 ,• • •,y«) 7 #o ‘if 
7"7iSA K n . M M n ffiu-'j mU (V. '71777771'><171 

iitrlRMfe#- ffi7tb3Sfr^^fe#o MM- ^7 n 

77777 &—7 1 |B n - 1 t 0 0T$I$ftj n i^jll^) M n 7j4M£ 

IrIMo n 7-0 #7 n It 


~J=L R 

7/7 


Mo /A#7lMIS:^3b7 n to #F7 n It M Jl#7tt^'77737]l£f7 

£•- MW-llMMtltmttTrllM- IP 


MmlFilicfAAj M” 7l 



IIM 7 77 7jM 


7 



7 7 7 J ‘ n 


ho 7IiJ-;tW^7MM7th3g7A&llMMMIimil7- IAM&I1 


7thIUMo Maini7i£M7lM^ffi#ll7M77 5 7tt7T 


M7ll0T:il7&M *5 It7 iuj, IP 7 7 y h-¥-'i7Mm|i[i^l!ffi| Arrow-Debreu 

M#o s 7 

%i JAAk77M; 7!fl*JIfc3k777:Mo ht777tjif7 - It '77tgfil (BP 

7 7:Mm) ffP77*7ffi#MII1Ill77Al7- 

7ffi#ll7;77N M7i: 7177 77/7, 7iiiiAd< 

A Vs7i;i : #P < Ji / 7PI:( / il 7. fi l 7-M H 

mhijaA' ir:7!ii • i-f^^ixrnj, 

-mmur, 5crj7-/EiEn7^it/A#ii#/i§-3to 
m, ain*nriAiE7:s#/ia*o itB-mmr, mmz x = ( Xl ,x 2 ,.,,,x n ) T , 
airtixiesnA^is#®A. BP0fii“$fs v o mmmm 

sA ft! M Mm ¥\ 1^] m, M m fflW M MM Aj h 1^] m » nAi|ijM77# 7 

n 7: fJ‘ iA n It M a S17 - {i 7 Af Ff W 7' H IE 'A ffj E ff A 

iA t AI-Jp-JI'''J7:'A|iiJo XI -7ArMm 0 = (A7 2 ,--.A) -A-7A0MM 
x = (xi,x 2 ,...,x n ) T bTaeJATAM iM BP 

6 ’ x — 6 \X\ 0x2^2 H - • • • + O n x n G ffi.. 


7 lie f J it © W it it A 1 - 'irnme AJlPjm x 
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(x, y) = Xiyi + x 2 y 2 H-f x n y n . 

1711 = sj(x,x) = (x\ + x\ -\ -f x 2 n ) l/2 

x \\x-y\\ X y MTlClYTl 


cos a = 


{x,y) 

x\\\\y 


XXX (x,y) = 0 X x y lilLi^IESS o /£ R , 4£Cl 

teSftJttfc, K n (faa) M {x(k)} 

(fall) a, II x(k) -a|| -> 0. lluH'Ji' iif'/ii ^.RJt!;- 'i 

-h'Fj -xxx Axxmmxmxxn -yymyy 


4. Hilbert ^ |'b] : ^ jf ]X HU ® M n [bJ jft 5? | b ] nm7E 

X, (x,y) mXx,y e X £ f§] ft ft IR«, X>XXXtiMX<\ 

FITAfttM: MXii® X,y,zex, 


i- (x,y) = (y,x). 

2. X>J f f-Fji'J Y :; l^ A,/i G K, (Ax + ny, z) = X(x,z) + n{y,z). 

3. (x,x) £ 0, (x,x) = 0 7| H. jXY x = 0. 


Zo 



1417 i WitSf 71 o Hith, 

£±, ■'£ x 

41 ifH « X'MX X I'./ii^. -1 V )IJ (x,y) 7 Ai'jYFj '/iY. FJ7 

x&fm, mxx mmwfeXx 

ft-7® 1711 = 




x,x). Yi±i&Y'4E 1711 f$% x FKj>£ m o is:#, 


t77 (f/#;n, -M IF 
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ftftftfftftftMft miK’ fcX (x,y) = E[xy ]), 

e[x 2 ] = o #Hi x = o x ufo. n 

Ht, m i, 

ft III ft MM ft ft T 0) o 

RLftftt p*3 : -kv^Ljfft] {x n } C X lim„ im _ 0O \\x n - x m \\ = 0, up 


n—*’ oo 


/T> _ nr* 

tAy 71 «X/ 


ft. x G X, 'Iftffi lim 

m^mm, Rift-^w^^w^MiRMo &&&&>!» pj-h 




{RMgcMftSfft &Sft£j£70rili Hilbert £jS], 

BP ft /t fti+r M MIR ftl ftl <> 

0fW^rMWPSWISSm^M0f^W^, MR] (x, j/) = £[xj/] * 

)MR)±Ml*lft, 3Pftft$C^ftft Hilbert ft|0] o fflSiS^L 2 (P),J£^ 
|R]# M 3#v£5#/EJJC P*3ft* ftiil/il^ft Hilbert ft|' h] „ fi I ft/lift JR I'. Rift' 
ft ' aE ft ft ilr M o MJftftftft^M* 3P ft ft ft Hilbert ft |i], ftjEL|]cft 

i 2 ft) RM-ftlftftftfEft RZ, L 2 (P ) I'pjfRfnj ftlftrftftmftftft 

W PS Hilbert $fg]„ /ftMjimftftft, - 

._ _4-; >ii M Mil ft fiij M ft L 2 (p) M u\ ft ft M > BPftiftft Hilbert ^ 

fSJo 





&#Ift 


5. Hilbert ft fi] R &\J IE ft14: if — ft Hilbert ft |uj 4' M JL % ft iR, 

MftMo, IPftftMif-#, miMx^yJE^t. MftHftMlE 
ft R'J ft ]ft M Ife ft ft M ft M M M i ft M ft ll ft ft M ft M ft M 
itPiEfto ifftlEfttt, ^inftTRiJftftftffftillftft: 


i’l X % -ft Hilbert ft M . Y C X ft ft ft - ft ]# 

ft ft ft, ft JL y ft x. £ x —y ft ft —ftft y Mft 

^ -ft ft ft 1ft V’ 1 ft ft ft- 

x = y © yft 

?Pft-ftft4ft x e X, ft-ftft—ft y x e y ft y£ G Yft {£# x = y x + ft. 


ii aft Rift 

1W /ft. ft Ux 

{ft} C y, { 3 ft# 

ft {fi ft 




ft y Rft ■ ft tj x MIfH^MMMMm y x , BP y x e Y 

min yG y \\x -y\\ = d, ft ft .1. , ftftlftftftRJ 'ft ft ft] 

\ x ~ ft|| -»■ d. ftftj]# Hi linin.m-xx) ||ft - y ™|| =0. ft ft, 
-ftftfpgaif^plljft^ft: 


^ + ft 2 + |ft-ft 2 = 2 (||ft | 2 + ||ft 2 ). 


{AM ft) n, m —>• oo Uft, 


lift-?/ 


m 

x 


(x - ft) - ft - ft*) 
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= 2(||x-^|| 2 +||x-C|| 2 )- 2 ^x — 

—» 2(d 2 + d 2 ) — 4d 2 = 0 

0 lit, y n x li U Ht z/x- i J - Y Jk X lA] =f $ fg], tk y x e Y. 

'j'j ^ Vx = x - y x , tft, (yx,Vx) = 0- 

am yeY^\\x- y x II < ||x - j/||, hk M MT ii M y e y iPfiM t > 0, W 

I a: — y x \\ 2 = {x-y x ,x-y x ) 

< \\x - y x - t(y - y x )\\ 2 

= (x-y x -t(y-y x ),x-y x -t(y-y x )) 

= (x-y x ,x- y x ) - 2t(x - y x ,y - y x ) + t 2 (y - y x ,y-y x ) 

Hitk, MTy e y In t > o W 

(x-y x ,y-y x ) < ^\\y~yx\\ 2 - 

01j / t/-2/,M«y tWttMjelt, JJfKx-2/,^ 

aE-^ y 4* Wft-fSlTull'IEiX, Bp = a; - y x G y 1 . □ 

BAB, * 

+ i# 4 1 > 3% in # ♦ ^ ifl: P JI R iesz ^ >js JH 0 

6. Hilbert ^ fi] 4 1 fill Riesz ^TF/Eil: Riesz U 'l< /E JHNit ill , 
Hilbert 3! |'h| 0 l'Pj ^ '14 ® — aE rT ffl xt ^ 't* 7C H It ^ #> 7QH W p*3 

(uP^n'J^ tffrfl'i! Hilbert £f§]) 

tat, (bp^mm^”) * 

>J\ o 

Riesz ^TF/Eil ik X ^^ Hilbert 5- fa] „ f:X —» M JL— 

^i=£^ ^'14 ii)H, — 6^| Xf G A", '&#*tiM5H s r a; G A", ;f=f 

/(x) = (x/,®). 

i& y = {a; G A | f(x) = 0}. ME, Y II® 

0 jf- £|uj 0 || : 'i;|'i<j z g y- 1 , 5eSL x f = zf(z)/\\z\\ 2 , ^atJ&iiE, x f fc 

’Ll I'fi: • ll'j Vi^ Ad >ii 3 H -'fc 0 JL 4d „ □ 
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— > dd nj M % iXl Modigliani-Miller Jl 


-fijjii m m m « ts ft s vt a m, id & & n m & w 

Modigliani-Miller £@ 0 @1?#? {/ <j )< MM i£@ ftjjSt 

o 


»^S|*»VR: 




o 



• 3.1 Modigliani-Miller S ^ ^ tt S ffr $£ BO <, 

• 3.2 Modigliani-Miller ®lio 

• 3.3 W Modigliani-Miller /e@. 0 


3.1 1958 ^^3, Modigliani |P Miller ^5g7it£, 

ifrit diM'Mii M Al Xjo jp ilkin fft & M ifcft M % Modigliani-Miller 
&M (MMT), ^n^^w]W#^n^f4M7ET-S5lllo 

imm^o 

id ft I 'J 0. f'll Id '•/• k ')'} 1$ 'ft > -4 : Id_h, Modigliani-Miller W dd 



Modigliani |P Miller 

mmmxffio “**”1411 

1& ft, %) : - 

/hi* lj|'I 1 , mM& Modigliani-Miller &J 

It M #• W M ffldtM tr id ifc ° Id W /± W) i ± * Modigliani-Miller % M ^ ^ 


ft! X d^kU SH m ftj 


# -ti 

hta ^w. 

id 1 

y 

n 







. iiij id in ^ & 6ij ^i Bij ift he mi 7B 










-^J 3 10 

-#4m m 

if] o 3^—(cash flow)” o 


a.- 7 ; i.J li-jidiii:, HitkiiE&miMffl 
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tto m-'i 





H - . yjv 

am-#, 

'A 'Vifii, ^xmmm^tkMmimm^^ 0*, mmm^m 

%kv\®Lmm% c azaju- 

” 001 , am«-ZE#ii£c* w“Ag 

BPiflUeC. Ai^l?fIt£Bl, ^fm-A-n^iiPJo a 

w, ain5imfi^p(i)^i. jE$n^fm±—w^j^fjtaiw, r y = i/ P (i) 

im^w^mrmRim^ pm, ma 

ffl Tf. MZP Hilbert $ 


A ;)| A-' Kll ^ friJ i$c o 


'HA H# 


3.2 |!Mn5teiAi£^AlJ&Mo m 

-k^mmim^ Am b. mm^MM-. 

0 ? %&, ®d Al d B ecm 

sa,s b G c A«'JAA:ffj/i: A AWii'i A f/r^, t\n 



'fu 



AQ> 








zu> 





H »A B ftj—frJft 


TTH 


, SPAi^ISl^ltAciAW iftHLMi^Jk cU + «a A d B + s B . ffij A WL b p<j 

IKH^E ^ HU p(Ai + S A ) |P p(g?b + S B ). ill jAZaiZAAlIM' 

m, /1:AAiAirifAiAAfi^iAinj,, isarm a, m ip An B zmzj A'AAn/i; 

to utinmt 


A AlAlIJ'A vr ^/A Ik o saarjpJAg^^fjt-JA 
JAniMMI/LM”, **** 




iBjMla^ilo HcfjW^iiA^nT: 

StiS 3.1 (Modigliani Miller ^ilz:— ) f 1Z A It 5J<1 AZ >A FA # 35L it 

iA #£ IA C A |p £ 

^;OA#it n, in I?) # (siiA,) aa, pp 


(n + An A )s A = (n + A n B )s B , 
nd A — An A s A = nd B — A n B s B , 

$£& Afc B n Pp 


( 1 ) 


( 2 ) 


p(d A + s A ) = p(d B + s B ). 


( 3 ) 


&W * (l) + (2) BPf# 

n(d A + sa) = n(d B + s B ). 
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IS jtfc » d’A + sa — ds + Sb ■ hk rfo (3) J5j(,AL o 


□ 



A W w. A o |nj Sw ft I ' i l- A W M & S W in 


•L ft Y\ l i'J Modigliani-Miller /E S W “ A ife o 4' A A Hi IJ?> 4t 


A^AaAAA I-UHSIJ bp aa SAW A 

ae tt A ft! /i . Hi > lii 4 x $ 4P 50 sl >i< b'j m vj o 
i«a#ift (l) It 

0Wa(2)A, * 

a®AtIMA:£ttA£A A^MAA 

S A iA > BP A SO t§ nd A |P nd B , ft R A # IS ^ Jg ^, BP A SO X -A n A s A 
|P -A n B s B (A A AilA aAAOfi A n A |P An B ft ft f| ||j 7 j A; SlAA 

Cl^IElA Hitfc, 

(2)^W^^^lAiI^M4" / A v ^WffllSWfI^-&^4tHic a#, A 

a3.ia m wa: wt'S'-mis7Maw) ammip( 4Aiaw) 

I» ftft, H4ik 7 iiii AAlllMo ^a^MAA^AmWfliH^li^Wo 
&t 13 

Modigliani-Miller 1961 AWi&3t [10] r | :1 0 IM] AAAA50AMXO /E aW 

MAi?4H7Aa^tt%HBAAA, iPAawicA 
A£a4m#A$l^50#A^WAAj&M3lSiAMW^ II, r ±m 

AltAWo in HA^AlAh -MAAi&^o 134b, A -7 7477 3. 1 


EEL 

A-^HAAAo AmsSJcWJICISM^ (1) A (2). A£A A A lie 

iiA A M0S A fb 3 a i£ W M07Kv;ililio Tffilfe 

WAS0*i4A (1) IP (2) AScAWMISo 

uto injas-'j'ji'AiMiiio aiwssaiiaij t, amAAAAMo a 
^AA«,fSB4, A ifJ A A 3 A A 70 710 a, MaACl?M$H7± 
A, t4MfAm v 3WAlt±Ao 

i£Sn£iA, (l) WJtAiMitfti^AM, BPA#4 e 
mn u ^BXMW^mmo , itmwAAi 

maaAaaii^o lasAAsstmwafflA#A50A-AW^ii 

it rSA Tffl IS Ibd All! , I t .'44- X 

O' 




Wo isiii-., . " 

imiiilAWvMo 

- a Si 7 '& A A A A A PJt ft m IS jgu MIMl 





( 2 ) 

AJ®AAISf#W^A-A^A^£ilSffW«AAi3iTAIS, fflAgHk&M 
All A Ac AAAAflWJNA'!' rT ft A A W S M ° 



0 ^ T c < T d < 1. 


(4) 







d A + s a] 





P 


'Tl 





Va 




n 



y A = d A { 1 - r d ) + [sa-p{va)\{ 1 - r c ) + p(y a) t 


(5) 


iC4' p(y A ) Mi a mmir (attint 



SI P (tM) 

B^mmisu o 







h ,5'J|'|<J^J-7lM 1^114 






£ll 3.2 &%Jg. 3.1 r d , 

Ml #f#1 %fa A] t c , JL'£ /'$ A (4), d A > d B (MM fa fa d A M D B $%tfa 

fa fa, is. d A > d B fafilfafafafa), faMLfuKmu&ML l e C, fa'MMlfa 
H p( 1) < 1. fafifa p MLj££%'fiiSiit, Mi d A > d B Eft, p(d A ) > p(d B ). 
fa M A fa B fa. ^ fa fa fa p(t/a) ^ p(2Ab) M M. 


p(s/a) < p(2/b)- 





-44. I ‘ , bt l (5) Rj f# 


p(va) = p{d A M-T d ) + [s A -p(yA)}M-T c )+p(y A )) 

= p[( 1 - Tc)(d A + S A ) - fad - r c )d A \ + T c p(y A )p{ 1), 

Ji ; 4 1 ffl M p{p{yA)) = p{va)p{ i)- illitk AJMU 


p(pa ) = 


P[(l - T c )(cU + Sa) ~ (Td ~ T c )cU] 

1 - T c p(l) 


IWJ3S, 


p(Vb) = 


p[(l - T c ){ds + S B ) - fad - T c )d B \ 

1 - Tcp(l) 


iitk nfi, 


(Td ~ T c )p(d A - d B ) 
1 - TcP(l) 


> 0. 


( 6 ) 


p(Vb) - p(va) 
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, JS 

ia#aai^a#o wa ^mn%, miHE, jaaaam^nm 

x A A A A A o Miller fP Scholes AAtt [8] A X'j A AA H 




i&AlAWAAatj-TAnWffAo HClW^ifcAAA 



H#AAAIl*l£iAm H?^S±r^r, 


MA^ilf^fifl^ife. my®jmSMMHAA#AHo AM 
M«AAMAHAfflAA-#(HjAA 0 


•Li A A /i. H'i 


tt -> 

O VlltN ^<__ 9 











ja ' 
AC 



\ 


^ lA 


3.3 Modigliani-Miller A®AHAA lA AH A A A lAffA^n 

A) Al )< > HfijAh, $1S1 Modigliani-Miller AliM- MAH A ' 

lAIo AMMA^AjAHAAMH$A13XAlAMAAJ o AHfiJ 
ftjfflft&ftr, imw-iH5£FAl§ciAA, HHiYH: --tiiHlAjHlA H 

A It , H# A A lAHHUiAo ITlJ Modigliani fP Miller fllJilA AS?3#I H 

AldlM^HAA'AK'JffiajTAAMHHAAMAAMo Atifcb, »JH 

iiawaa a ip b, a a a mm-rmm, RMifim-, maa b 
MR mmm, ^sifi#= &maa mt^mmx A ,x B ec^- 

M, gP^ = a; B . Mi±f, 

HA 

x A = n A x\ + x B = n B x e B , (7) 

it- 'I' x%eCMA AA *«)», n A A A A 

AMAS3M; ^eCAAAA^IM. ilifAAAAiM 
A > HI& A A A B J M ASfitILAim > 13 nA‘bAA C ^a AA 

A A R'irMm AH#1H 4eC 3 n B A^fAA b MAAW (IAA) 
mitm (ha) iMo 


AS 3.3 (Modigliani-Miller AS 1) tf I, 

HA A C HAA^] A B , 

® X A = X B , AAA6^A®>H A (7), #£ AH ifi £ AAA 1A 

A Vb AAp^K 


•M 


a A ± > HAAai^pWti ® A, h in a 

Va = n A p(x e A ) + m A p(x b A ) 

= p{n A x e A + m^) 

= pAa) = pAb) = p{n B x B ) = n B p(x B ) 
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4- r %j{ 


m 



w (&) , a%wb 



mat. 


m=xmn 

r = x b A /p(x b A ) = x b B /p(x b B ). Aj 

imtf} (&) akte-m p^- 


'VINI, i fcM 3.3 rJAp, M4& nj i## 


'# I#. BP P = x A /p(x A ) = x B /p(x B ). 32;#, 

a wkhw (&) ia = x e A / P (x e A ) m^ywm\ty&aL: 


JUifc (Modigliani Miller ^il 2) 3.3 tf}$Li!Ly, 

§] A fa B , Pp x A = x B , A i A 

% % ifJX/mx tb g, # & $t, Pp 

i A = P+(p~r)^, (8) 

-$-4 S A = n A p(x e A ), D a = m A p(x b A ). 

^-AA., 

_ n A x e A _ x A - m A x\ 

%A n A p(x A ) S A 

_ p(D A + S A ) - rD a 

S A 

mat, (8) j&tia □ 


HS 3.3 }£ I (■ # it Modigliani-Miller *e@|) fn] 



M H IE M 3 £ in it if i# BA— 5 f $& lie i£ H I# 








R 







Modigliani m Miller if] Wffi m ^MtUOtn 


,1 


n u 'll' 11 \}a iA v A A bA A # pH 


4 



mu 




££stf£S$^H:± 


ffifl. iA H S lid i'J I'X {} 111II 4 B A ft i!'J # Ah 
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mmm]&o 





A 



iT c rriAD. 





£il 3.4 3.3 <HHg4tT, 

X A {1 - t c ) + iT c m A D, X B (1 - T c ), 
i, t c , D #iL^XM#>,fu 1 E C, * 4 it## p(l) 4 1, 

# £ $#*) £ it#14 # 14 i^T?'lf^: 

14 = 14 + iT c m A Dp( 1). (9) 


iZ-m *£±, 

14 = p(xa(1 - t c ) + ir c m A D) 

= p{x A )(l - t c ) + (iT c m A D)p(l) 

= p(x B )( 1 - T c ) + (*T c mA£>)p(l) 

= p(x B (l - t c )) + (iT c m A £>)p(l) 

= 14 + (iT c m A .D)p(l). 


□ 






At 




&o HIhJIT 4G4ji‘i'44n4 ; 14/44444444, 

iM M4 -4 4i4#lir'^iiJ, 

r >j'l> 4f I 


r nT 

4C 






P 


/JV 



> yA, 

P 





444 ticff J11; H 4 X “ WLr- VI JI J” o a#^J-ji^7Etx.M, 

#'444, mM#B44A 44, ii II. /4!<JiIJft*ilA 

JH4M, 4 4 4# 

^rnnmmo 4tniw“r’itwij5iM, $n±0f^, 4# 



xa(1 - t c ) + ir c m A D ; 4 4 4 “ if ” Mil m A £ ) (l + 4- 4 4k®# c 

M 4 A 4 


f 0, 4 x A (l - T c ) + iT c m A D 4 m4(l + *), 

\ c(D). H x A (l — t c ) + ir c m A D < m A D(l + i), 
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matik^mwt^p(c). &mmm it , 


Si 3.5 3.3 tf'ftiitT, -fr & A &z\ tf]& f % ft %-kp ( 10) 

ftfLSL, if tfHl V A fa y B /HAT^'J^: 


V A = V B + iT c m A Dp(l) - p(c), 


( 11 ) 


p{c) % # JD c <Kf B'j 


7 i> -na A 



Modiguam-Mmer 3.3. 





{ 


m 


^ & M J 




y 


>&< 








0 


r b S r e , s: i=|=i r b ^ 



, t 6 







R 


i Hi 'A 1 >J 1 I'l'j f Ji w ’ll 




W; 1 (M 

^■ v *, BP 


xa(1 — t c ) + ir c m A D ^ 7Ba-D(1 + *). 

li&mmr, &r,j a * p£nj b wmBm&M VA m y B 

rmm-. 

Ua = (x A - im A D)( 1 - r c )( 1 - r e ) + im A D( 1 - r 6 ) + T e p(y A ), (12) 


Vb = (zb)( 1 - r c )(l - r e ) + r e p(y B ) 


(13) 





P 





n A Z e A = [{x A - im A D)( 1 - r c ) - m^-D - n A p(Z e A )]( 1 - r e ) + n A p(ZX), 


ii’ijJi. -a 7)lx Afi'U flft&0rW# 

m A Z h A = rn A D + im^/fl — Tft). 

lEWAffi^P* :jf /± Mi 5'J II = p(Z^), y A = m A Z A + n A Z e A |R p(y A ) = 
m A p(Z b A ) + n A p(Z e A ), BP f# (12). (13) |njji|h.j ^„ ^ 7 & iHf i£ HA Jg , 




" ”T 

/i\ 


fem. 3.6 3.3 #fillT , '|£ |S) 

r 6 ^ r e , |fr k r e 


66 



AfcB 4 4 A AHA 14 ^ 14 

54: 


14 = 14 + im A Dp( 1)[(1 - r 6 ) - (1 - r c )(l - r e )]/(l - T e p{ 1)). (14) 


V A = p(va) =p((x A -im A D)(l*-T c )(l — T e )+im A D(l-T b ) + T e p(y A )) 

= p{x A )( 1 - T c )(l - T e ) + mu-D[(l - n) - (1 - T c )(l - T e )\p( 1) 
+7'eP(?/A)p(l)- 

i I i i! I: i A m l\ 

V A = p(y A ) 

= {p(x A )(l - t c )(1 - r e ) + - r b ) - (1 - T c )( 1 - r e )]p(l)} 

/(I -r e p(l)). 






Vb = p(s/b) 

= P(®b)( 1-T c )(1 -T e )/(1 -Tep(l)). 

{@.7§ Hit (14) J^Ao □ 

14 14 4 

(i-r b ) > (i — t c )(i — Te) 4i, 

(i -n) = (l -r c )(i -r e ) ft, 

^TL ^ A& /hi 44 IT! 144 AA /i'T 4X TTT /Ar Tf4 4 44 ZA 4C 4*4 -Af XT '4r il k 4*17 0 








&/,v 


AAfi:fi:A;AW44o &#, MA4 


Mmim&iftTfMtm, 3 P 4 ±j$fcHfcsftES 

i\ 




ZR 9 



A It <, f jjH4i'X l'i'JlJI 'lY. i'J #/I Ross [14 

AA V 






67 



/A-l -M ftlAftl A 1 $t in B J U # 50, PJf in Modigliani-Miller S, lj | R 

EM, )< £'£ftj ii X-vf It 4 Aft ft 


-AIRftj iftl'14Rftft W \ft MJJS* MR ' if 

MAlA ftftftrrjftftftftftftft^ J-RMMMiirifiMRMPc ft - HM 


lBftfflRfttiiftlf#50£hftJALo 

S rn A if] "iWif?., fflAMAAh4 ft A £0ft A A ft ft ft A ft ft A A M 
A^iAiiHtAAAMAPiiHlAlPo AlRAMfHjMA^a 

mAAi^^M'MAiiriAM'JASAttiAT-AA^Ao 


A ft M ^ M it A R ft ft [13] it Hi, ft S it ± A iji!, Modigliani-Miller 


AaAM^AAAAAAAaW-AARo MAiEA^HAfA-A"M 

ft ift ft ft ft Sc (a nexus of explicit contracts)” , UP A Modigliani-Miller A 

MJAMMitmiU&Ao iilAilAijPJAAAR^'SM/IPAMAo BP 

ftfAAftXtAft4?fift “liiE^lftft (implicit contract)” (fi|f, lftR4P!ft 


R ft if A ft ft “ Hi A A A ”) ft A- A , Modigliani-Miller A M ft id A M R 


iiAo llMIAMAHRA1 k A iift ftWift^S^ftftRttftHit (AftR 

AftRSft^^)fjlc : %ii° ftdgftPjlb, Modigliani-Miller A 
a W %i A ft M a a A A H ARiPI A, A A A ft M ftftAA fj ft ft „ 


ijt p| Modigliani-Miller A .Id (MMT) A llI Modigliani |ll Miller A 1958 

A A IT If ! W A A it A [9] A ft ii ft ill fli] o A ITM ft 1i<j A it£ A, A A A ft; A in ft 

Modigliani-Miller A(MM Proposition, MMP) C ;.i!i A IP lie If j ii<j A' J‘P 3.3 : “ftfvj 
f41ilX4ftAiftXX”ftft MMT 1 m MMP 1, ifi] MMT 2 m MMP 2 £ A “ ft ft 

SPIES 3.3 Mito 

IIUIJIIA [9] A„ SMUcinSMWlES 3.1, LIMIA Modigliani in Miller A 1961 A 
A k ti<j it X [10] Ac -I'.' ii ii] tfc ft; ft MMT 3., jlfcft, A A AS 6 f!<j ft A li it] sk ft; A 
MMT 4 C fiXftOkn<jftitXI iftAl'l Miller [8] 0 

mmw4rs, mmmxxm mm aai a Aft aim a tip soar mn & 

M & A It A X & 14 -15 A n iti “% A A S ift & A #, 40 A 14’-AX M R 41 IT M A, 

a ft 01 & in w ft a m R a a- a a is i a w m s r a a m ifi a . x a- & a m m w aka, 

A; A A Aj [Tj * It X M H M K iX X f!<J X A A % A A A c ii<j, S d -Pc li ill lid A A ill 
MIMAAA'MAiOIIMAX Stiglitz [12] AlUA , Itk^tB, njffl 

Arrow-Debreu ill A f X A /l 14 “Arrow Dc'brt'u AS” A4XlXlAlA#l AX1 W#:# o IT 

®i»ib si A f M rdt $*4 s p<] mm o m i n, s in a m m s s m r m 

m M A A PA i: A All A., MM A S P4 A PA feiJUIlifiJ, id * R)® ox so m A fj in 
#5t P4 A r! . S m 1$ #R Piltx #-S«iR IS M A ■ 1 I'M X i! : j A 14 A. 

MM ASAAWJW^SMSfiTo Idji!:. d: id A .All XII A i.AllftAj Coperand 
Weston [1] a, X i£ A A it I Ji-01 AA iil ; I,. M it M 14 7 # A- id it (H 13-16 #). 
li'I'XA A/PAit I;- ROE MM ASA CAPM 4PfiHRAltSit4B®c^Wi4itlt# 
ft It o IP A iAiOj Aw:!'A;4ARfl 15'I 1 . M MM A S ft ft A ft S A A € o Huang- 
Litzenberger [4] ftRft 128 M-AMHIUkSlSO'b'« Ingersoll [5] XJ JTX4' A ft “ ft ^ A life 
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^ 99 


!«',« Kiitfn-lfc Jarrow [6] |!<J f/ )• # |'| (f4, 10 $1 

ii#). mm fefMnws 

#. MM £j 5 ! 1 £ Duffie [3] dVRUM!* 48 £ Duffie [2] fi<j 122-124 H 

'i'. mm sa, #j.£ 


S ^ mi ? n >j jus 


1. Modigliani-Miller *e@I? $cIS 15 IM W 

2. f|^ 7 § Modigliani-Miller >ii J :i |‘ (J :i U 3.3)? V fk -|5 ff y A%;\ ! \ h In 5>J 

ftj? 


3. Modigliani-Miller TESWiiEHJ^ JJ!!lftj? # 

WW PS I'MjOS) 5ft© )£ Modigliani-Miller g? ii H3j ? 




MA P 
X N 


4. ig# /f. Modigliani-Miller 

5. 3.5 







* m? 


A£: » 



7. M£i5Mi£ mm 
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]Jl| >, Markowitz 




7If Markowitz J<jfs's - V Affi 7*1! 7 A if idHi!<J&7 77 

IfM. «ASIfliEM7MMy&fn-*£7?iiMW^7F^iC&4tA f M A 

wr&vmm z fsi w a % o m a s m a #ia 7 m s ik, m a % r ssz kr ti ® u r k 

til Hr m 0 -7 S ik: A A HU ii<j 7 Hr X % AHA A- 7 If ft if 7 $ A 7 it A 7 7 ffi # 'It 

ik w e »j i 



• 4.1 

• 4.2 

•4.3 It- 1l Aftft77M«■«CttikTffJ^ta- II iffiMklS kJSMIf. 

. 4.4 . 

. 1-5 : A 7 7 K 7 A A iiH-71 f Ai; fir 7'Vk, 

• i.o AAti AAA.7ik, A 7 Hr Hi i" 7i 1 15k IMJm'j! 0 f A it lij A f/rt'l:. 

• 4.7 7itA:77W±^{&-iJ7liE#ai7j2fe#ft]Mo 

• Plif 1: ^«A£MM Sharpe ffiB/j 

• m-M. 2: imiMniR 2 C 



XEfnfMMMtfl S itft J- 1952 Markowitz Wffi 

t o Markowitz 

it.a 71 ], 

n i j ts* 0 * tt#! limit, mm mw. a a - a 


it: k'llirjiAiklkf-H'JiAiti'k UM 


M fj H (expected return-variance of return) ” '/A J/llJ, ft TL it % tS: *M ft jk 

m & - '/£ JfliJ 3fc Mt tr MSjo 








liiiE#ittfe3kikf#, MJ§ 



{SJt 




4.1 tt if] H 5fe ik fi Markowitz ffi # |& o' ili # Ir] H 0T tt? R itt 
fl M o Markowitz if ik ltjiil : #l)jtM/ 1 1 1 A W W Pff ft ill' 

1 fe ft kE 

%TmTmM, mu<w9ti.mm 

f± aE \k'its JJJlJ LifthSo/., 5k7j‘ik Markowitz fu ,7, (if |nj|l 0 Mfn, ft ifftIk 
tt aE ik}£MU, ]f)Sftii#ltt l lkia$.lij^;'3kif'ik, ft J=L fit tB Markowtiz |n| 
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H/KjR®0fi&til:i^A!A A A 11A A tA'l X'J Markowitz M A A A M 


{! A A H A 'Hfii A l!‘J « 

tll^m X!,x 2 , ...,x n . 

■ ,A) A A 7k. 1T1J A 


IS A A A it Si A A W A tj A A A it ^ A t. 


fAAiiiJAl 1 A n #3£Ait#. tiAMI n A 




& n A~Affl n A A A o = (A, A, • • 


MAtAA MA 


y = 9 ■ x = 9\X\ + 02^2 H-h 9 n x n . 


( 1 ) 


AfiyAfAAAAAWiJA A VX A A /i: A t m A A A it It /Mil it A A A 

AM«MlfeA±tM). Af#^n#ffi#6<]Aiti«ApAi),pA2), 

• • -, p(x n ). Wit#lfiA 9 t A it tMt Ill it 

p(y) = p(9 ■ X ) = 9 1 p(x i) + 9 2 p(x 2 ) H-h ApAA 


AitknmtmitMAt (&) t£$. r y a 


:]l: A 


y 

p{y) 

9\X i + 02^2 + ' ' ' + A^n 

p(6*l^l + 9 2 X 2 H-h A^n) 

6Ai + A ^2 H-h 9 n x n 

9ip(x i) + 9 2 p(x 2 ) H-h 9 n p(x n ) 

wi-ri + u» 2 r 2 H-h w n r n , 


Ti = 


pAA 


i = 1,2,.,,, rz; 


A Cl ^ A S A it # t ti M ¥ 


a;,- = 


_ fliPAi) _ 

ApAi) + Ap(^) h -f 9 n p(x n ) ’ 


( 2 ) 


i = 1,2,... , 77- 


ft® i'J A#IBCit#illtt AitittL. A Wj !il-fll m 1 1 1 % i ftit 

ititHA^tAAAttbM t). £££ 

Wi + w 2 H-h w n = 1. 



ti 


(3) 


MftttACft tilt C, — 

A-1S A it # ti m A A f0] t A xA A i B P>] ii t. B P it # M A t ft m A 
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a 






Wi f[tf 




i I'l' liH # it •‘i !JU it fl'l. /l: ffi # £i1 u li-J • 


RIJ itifi A 1 PJf (A W IA i3l o MM. Markowitz J 4 R it IN'it'A tl fi. aES it '/A Wll Ai 

A 'A -1 ‘ > At Markowitz 1952 [9] 'f 1 , A/Ji'lit 


2 



I I • £ /A uE t Ei I uE Er ^ . 










PI 

. > A ^ 

MU 







A-njia., mm&rmfeXi 


Markowitz |§ EA n, r 2 ,..., r n Mj n ^ A" J. Af PM3 PA At 

AJ:, , &in#A? n ANiE-AMi; i|£m$o A Aj 4L A: EEA ii n 


n 


i?l = < r = W\Ti + U^2 H-h W n Tn \ G M, i = 1, . . . , Th\ ^ Wi = 1. 


i=l 






0 



ii$IA i?i IIAAm'Hj “ Aiiijffrfl'iA 1 n'i A A K iA A fA ” HAS A* a Cl 

A jp W £r it AE: £P A; Markowitz |n| |g Af Atto Er# /l :, 3P t, At iiE A iij A 

in Htr®0f ift iAjmjAo 

5A. 


Markowitz AiAW 

Av tAt* ipr 7fH JAl 


H 5ft J^J Jell o IP: V^j — 


Cov[ri,rj] JA r< Al l O AlMMIt AAA IJP A ^ |Aj At At A A'/p/A h AJ 


A A: 


a 


y 


= £ 


n 


n 


E WiTi - E w * £, [ r 

Z=1 i=l 


n 


E <nii\il-",(r i - E[n]){rj - E[rj 

ij =1 


n 


E^ 

M = 1 


ij ^ j • 


(4) 


lili Markowitz i4#SSife W Hi A (2)-(4). 

Markowitz :%jii lAj 1 ^ IIAE #R Cl E& aE w h 

0A* A® **. A7i$^i±tb^MiA, am 

it iA ffl T A'J ^ PA- A /jn : 


w = (wi, w 2 , ■ ■ •, w n ) T , e = ( 1 , 1 ,..., l) i , 


T 


/A (/^l? M 25 • • • 5 /^n) 5 ^ I, 2, . . . , 77-j 
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V — (Vij)i,j=l,2,...,n ~ (COV Tj, Tj )i,j=l,2,...,n, 

w ^ = «/*> a w = ( w T v w y / 2 

W M I& o 32;#, Markowitz WlAlU ('£ 7t # A ft — ^ It ilE # h" 


A 

n 


&mw) % 


nnn 

s.t. 


°i = 

T 

w e 


l^w 


- w T Vw = YTi, j= i VijWiW 
= Wi + w 2 H-hw„ : 


1 • 
3 


( 5 ) 


+ ^nl^n 



4.2 

ft I: WM#j itu i!ii ifii, inj i 11 '] t W A & f I U /j< ^ mI' ft /i: i 11 '] t /It! f uif ii’j A:' M 




















/IV 


w 



o 


Markowitz U ffl A 1 n 
Wo 



M J' n = 2, /£ //; A l-h ftf, 

r . _\ i i 



Hi w\ Ip w 2 A. S^±, lii 


wi + ta 2 = 1, w i/ii + w 2 /x 2 = AV, 
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ti bp Tij n 


w i = 


l^w M 2 l^w Ml 

- , = - 


Ml — M 2 


M 2 — Mi 




li 



f^w M 2 
Mi — M2 

40 
\ 


r>y (Mw Ml)(M^ M 2 ) TT 
^ ^ 12 / \o 1 * / 22 

(Mi — M2) 2 


l^w Mi 
Mi — M2 


(mi “ M 2 ) — 


2 2 C^l(/^W — H2) — V\2(Hw — Hi )) 2 + (V11V22 — ^'V2)(Hw ~~ Hi ) 2 


V 


11 








H» 



ainfi^ ^ At v 7 ] 1 > 0 ('&i:ifc 

y n y 22 - v* > 0 

VP ± 1 ). gllL A: P'W a(fi w - b ) 2 + c 

#Ra>0,c>0. aciicnai 

dcpj, — a(/j, w — b ) 2 = c, a,c,d > 0 . 


12/k (<?w,Hw) jfkH. ® P‘ <7 W ^ 0, J [>R^ Jl' 

P 

a in® Rm±& n = 2 is 

V\ 1 = O"^, V22 = O'!) P12 = °'l° r 2'ri2, H't 1 0-1 )fyM 

» ^2 Vj H ■. I 1 !' 1 ;!-: Tr li'J l lt ffi ;/ f- li'J I* ;ii: X>, I® r 12 Vj M l ! 1 lit , 1,1 : ¥- I® III )'< 
m 0 r 12 -1 m +1 z®m& 

miM.o r 12 = 1, Bp r 1 Ip r 2 Vii l'; 1 1 : M I )< (&01 V VPjE/e), M y A 



cr w = ((T 1 W 1 + 0 - 2 ^ 2 ) = 

ttmmirx, m?mHi>H 2 ,mn 


2 (0-1 (/i^ - H2) - ^(Hw - Hi )) 2 


(hi - H 2) 2 




&i{^w M 2) ^"2 (Mw Ml) 

Mi ~ M2 



Hw = Hi W, 0-^ = 0-! VXR Hw = H2 01 , o^ = cr 2 , JP Pi ^7 

KMte. £r 12 = lHl, PJlP®^®®aHP®/i: 

( <Tw,Hw) ''I'-1III ['.H-JllJtlA (cr x , //i) IP (<7 2 ,// 2 ) Wjlit, O w < 0 

I® rPVK iljfitVP Hw PflPlJPl ( 0 , ( 0 - 1^2 - (T 2 Hi)/{(Ti - cr 2 ))- 0 — ^ 

M r 12 = - 1 , BP n m r 2 

Vu I': Pi 111 X; (3^01 P iJlVPlE^), 3P^ 


0 ^ = ( 0 - 1 W 1 - CT 2 W 2 ) = 


2 (o r l(/ 3 «, — H2) + °' 2 (Hw ~~ Hi )) 2 


(Hi ~ H2) 2 
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w 


9 S Ml ^ M 2 5 l^w — ^ 1^9 O' 

»w = tott, o w = o 2 , ^ 

MMm* 

Ol^/^w M2) “ 1 “ 02 ^l^w Ml) 



= oi MR 

-\ (tJi, Mi) 


O w 


Mi — M2 


(<72,1*2) WH M% 


O w 


02 ^l^w Ml) a i(fl w M2) 

M2 — Mi 


33! F§5^ _H. 5£ TP 1*W $ttj W PH 3^3. (0, (cri/^2 + O r 2/3l)/(o'l + CT 2 )), H'j'jl I '^h 

rntmirn^ 


yv 

o 




/eh 


111', &ffil! 1 Vc ± 11: 1* III X- It B U it \ 4 s iK )ii o 



Htf r 12 = 0 , HP r 1 ig r 2 ^|g ^ 0 33 Ul, 

2 / x 2 , / n 2 ^( 3 u. -^l ) 2 + ^l 2 ( 3 «;- 32 ) 2 


o^ = (ffiwi) + (o- 2 u> 2 ) = 


(/'i _ 32) 


il /l! (cr w ,H w ) 1 ' ; III! h (o-i,//i) |tl (0-2,32) icfrnJ Iyi 

£tb ^ ^(^ 2 2 /K + ^ 2 ),( 3 i^ + 

32 ^)/K + cr 2 2 )). ^Mniyia J!§> 3 \ 9 / \ 'ti 0 1 mm 


o\o\ 


< min{o" 2 , a 2 j. 


erf + (To 
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4.3 mttmmmb-mmto mmm 

V IEaE, w/0, w w T Vw > 0. iEaeM^—aE^#;!^ W, BP 

IL- X‘j i'V.n'j t j Vi.j\. 4' X/ '*> > v 1 iY/i:, /i:IX IT h'j #1 l’i F, 

tT 5 fc#l& 7 & n 

m%±%^mi^no ic;^ 777/1: n 


ms.^w, %s$o 

M7^7-#^FlP£iE# ; i&nn, 

tU, 7 it '7 i\ Cov 2 [ri,r 2 ] = Var[ri]Var[r 2 ], BP 7777 V n V 2 2 - V? 2 = 0, gl 

% v 77777171!; F. Nr^FUPF/A: J77 7Ft v 77iX TFf'l 7; 
£®^7&^fcHfc±ltt3M£, 77iin«a^77f7t£M v #IE 

m, mm, mim^ 

o mmmu 

$Plu ffl BtM i, Markowitz |'n]|g (5) 7 “ 'AMM iFlUlo i7^|n]!£ 

Lagrange 7 7 ft ,lit |77 FtK M- « (5) 7j Lagrange §§ %i% 


L(w, Ai, A 2 ) = w T Vw — A i(w T fi — h) — A 2 (w T e — 1). 

v #ie£„ 
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w = w 

dL(w, Ai, A 2 ) 

dw 


= 2 Vw — Ai fi — A 2 e = 0 , 


( 6 ) 


dL(w, Ai,A 2 ) - -t n 
—— = »- w f, = 0 ' 

< 9 L(w, A x , A 2 ) 


= 1 — w T e = 0 , 


dX 


(7) 


( 8 ) 


Hi, 


( 6 ) 

W % ( 5 ) WJ§Ai, A 2 Aj ( 5 ) fifj Lagrange 

A5^HHA(#Mt:2) 0 

iitk usmn 

w = ^y _ 1 (Ai/x + A 2 e) = ^ _1 (> e) f ^ 


» -at®, xw 


(/i e) T w = 


1 


7 AM 


4 


(> e) T w; = e) T V \fi e ) T ^ 


A = (n e) T V 1 (n e). 





t MMA .1 1 #£, 3P4 


ii 

l 


1 A A, 

2 V A 2 


= A 


-l l V 
1 


IA 


w = ^ V e) f ^ ^ V e ) A \ x 






‘A \.i 2/1,2/2, W 



(9) 



(2/1 2/2M 


2 /i 

2/2 


= (2/1 2/2) (/^ e) T V A/ie) 


2/i 

2/2 


= (2/iyU + 2/2e) T V" 1 (2/i/x + 2/ 2 e) > 0 , 
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/Eil 4.1 \%_ - 7} ff M. (5) 'f 1 , -ba^L n #i£#- 

(MX&te n, M.&&-V JL$L, 

M.^ #P & (5) 7fr p ik—ffi w % 


w = V l (n e)A 1 




A = (n e) T V l (n e). 



( 10 ) 

( 11 ) 








& 


a 2 = w T Vw — (fil)A 1 (/ie) T V 1 VV 1 (/ie)A 1 ^ ^ 
= (p l)^ 1 ( (* ) 

= ^<^b)U; 6 )(?) 

a — 2 b/i + c/j, 2 
(ac — b 2 ) 



w G 


V^eM - 1 ( ^ ) 

7 1 , 2 . e) C C ~ 6 

(ac - 6 2 ) V -b a 


b/c 

1 
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I^w 





4.4 ]Efc, itn 

ft, %ft&^M o ^im%3nKmm, 



2 $llift n - r f = {3i{r m - r f ) + £*, i = 1,2, ... ,n, 11^ £* -Lj r m il £* 

ffl& Cov[rj, Tj] = /3i/3jVar[r m ]; WitffjtM. n 2 WlfcjtlgI#1J n 
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w 0 ,wi, ...,w n . W = (wi,... ,w n ) T . SET't, iS 



j! w = Warf + Will! + W 2 n 2 H-h w n n n , 




Hw - Tf = - r f ) + W 2 {H2 - Tf) 4 -h w n (n n - r f ) = w (// - 77), 

Mn MJJ!lJM$HJ5Aj <4 = 4 7 Vw. 4" /i- = AL - r f , n' w = n w - r f . M 




mm 


^ = E ■ J= 1 Vy 


Wiwj 


S.t. // = AiT/i' = + W 2 ^ 2 H-1- = rf 


( 12 ) 


***«, ( 12 ) 

Lagrange 


L(w, A) = w T Vw — A(w J (i — fjf) 


T.J 


%»w = w 

<9 L(w, A) 
dw 


= 2 Vw — A/i' = 0 , 


(13) 


dL(w, A) 


/ T / 

= fi — w 11 = 0, 


< 9 A 




W = 


-1 . / 


(mA-V'A 1,1 


ii'uIIIjStlA4 9 M A 


(14) 


(15) 


CT 2 


r~7 

= At) Ltu 


A /* 


W) T V 


~V 


(AA'VrV' 


( 4) 2 


(/i') T v-V 


c -% /i' = /i - r/ E |iij|h {a w ,ii w ) 'I'-1Ilf I'. 





CT = 


i fJb 


((/x') T ^~V) 1/2 * 
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mt, 

3 pjf/!<a fii/Ai ;| l !ik I'. -'M i#> 
t£o lii (15), ft'MftL 


\ 



W TT/. > 


Hitt, iil Z I'u 

r f > l l G 


, ii' t V- x ii' 

ll = 


e T V~ x [i' ’ 





I^W 



in±pm, 

(Capital Market Line, CML) c 

W l-lw A I 1>J' !#• %'\ &w 2. 






/X 


W 


&W 


^ = (/i^c-VO 172 - 


82 



(fttb fit Sharpe kb, If ffi ^ fr Jl M I® M, 


Sharpe tb Jk if If (//^"V) 1 / 2 , 

^ #t&aeo -jtttMT, 

K,/i m ). Sitb, 

itgs±w#-£0mjstftj#§sM n* u^rm^. 



l^w f f Pwil^m ^/)) 


-K A Pw = <Tw/(Tm- 
0 . * 


^x-^rxmm, mki ft, *m##wiE p mmm 



" <# 


(16) 

5£, fll'lfjH' 


-a. ^ 

n 'll* 



ia%m (i6) mm% ^ h p» zm 


Wi x %, M'AtMmm&M 

(Security Market Line, SML), 



X|> 




\A 
O 











4.5 mi BM-lf # Markowitz i£Jl]| — 5(7 IrJIH (5) |fj 



:es 


jjpJUS”, &M0 t> h 

y -^fall&i, x 2 ...,x n f§]$!J5LT^!l2c 
M.: V — AiXi + A2X2 + • • • + X n x n , Ai + A 2 + • • • + A„, = 1 , IP A y ')} x±, 
X2 ,..., x n 

(ft — 1! # M/EII: 



o' o $P^3^M0fW A* ^ 0, IP^, y x 1, X 2 ,...,X 


n 


u 



» 





/j\ 



ift, ^SIlft3gj£$[^T3ftS^ 


5eH 4.2 iitliLfk w P ^ wtj ft"#] A AHA ~ 7) (5) (i£ 

(12)) 4£l ft Pj y p fa y q 6\j$f, if JL y p A /v Ift Bt, #IA 

JtS4.1 (j^^Xl^hE^'IM) w 

Alft A, 1 £# W — (1 - A )w p + \Wq. fa^L w p fa 

Wq ApAff £&Mfk, fa A ft 0 1 Ala] , i/p A. w — (1 — A )w p + A Wq -BA 



i£afl 4 p = (1 - A)p p + Apg. IP^^lJffljS HjfejA;^ (10) (M (15)), 

Ilk I"J S 


WM ffiBfl - W = (1 - A )w p + A Wq lit fk ftj M (5) (ftc (12)) (ftjtfo faM 

m^%Yt A aiii // fllili // aiii a. AU'AmftJn • it|) 1Pill 


A ft 0 fp 1 i_WWM y ft y P fR y q Bl'uJ, /AMBi w p fP w q fPXfhy^Af 


iHvfe 4£iaA w 1 , w 2 ,...,w k - 7T J.is.fk(5) 

(il (12)) y\y 2 r,..,y k &W, Af_SL A A/a] 

|5jHt, fttS4.1 (^-f t i!p£uA, 

w 2 ,... ,w k = Aiw 1 +A 2 w 2 H-hA fc tc fc , Ai+A 2 H-hA fc = 1 
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All'-I' J&J&iSL&e w 1 , W 2 , . . . ,W k iTrj Ai, A 2 • ■ ., A 

0 , # X, w 1 , w 2 , . . . ,w k 6\f 1 w = AlW 1 + \ 2 w 2 + • • • + A k W k A. 


MAfUffliflM 



A 




o 


>ii JH ! 1.2 WAAAA: 

M# iR.#AlEAiil'#i)j III r | ' Bj |jblie AM#ik^ ll 0 W Ik IU $A (mutual 
fund), Hitt, KffA 

1981 J. Tobin (1918-) 

# 1958 A Aii<j [14] •]' ||-: r A A!'WM<jHMi 

A Mm A AM MMfeAMAJ'liA fa, 

MlSMAiifeo Aitk, A4n#mAA Tobin 

$R A o 



M^I4.2 MicClMA: 

TTAjt n miMimfiAfM AS^P^WAilAMit^M 

AAjt MW £«E 



m^n“0£” c arjff^J^PTATI 

a £ ^ a in a itk # & -t• # & a ft r a ift m m . 


/E-iM 4.3 41 p fa q A$i#i£#JL^4n A/^p A/V 

4, fefafaL A i A?1A p fa q ff\ A AMiS#!## M A^A'JclWA A : 

ael, 41 # 



Pi (1 fa) pp 4“ QPqi 


Cov[r h r p 
Cov[r i, r q 


(1 — a)Var[r p ] + aCov[rp,r g ], 
(1 — a)Cov[r p , r q ] + aVar[r q \. 


(17) 

(18) 
(19) 


iiEafl <X' A IT AAljfxS; p = l, g = 2 , * = 3 . |p A H 3 

ct^frM#iiE#Wia A0 t AjMi&MitM 3PA#A4f M fieR, fa IV. 

(6)-(8) A-A n = 3 A w 3 = 0ii, BP# A Ail IP A!, A 2 , $!# 

Wl + W2 = 1 

PlVJi + jU 2 W 2 = p 

V n wi + 1 / i 2 ?7 2 - ^Ai/ii - ^A 2 = 0 
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0 


1 1 

V 21 W 1 + V 22 VJ 2 — — AiyU -2 — 2^2 = 

V 31 W 1 + V 32 W 2 — -A 1 /X 3 — -A 2 = 0 





fll ^ ill f l-i\ A ^ 2 , Wi,w 2 , |P Ai,A 2 — Ilf, H u 

l jL l t ,7liH‘Jft • >ii It % h t ’Vli l'i-1 If- o mn, liA p. Bj‘ M. Ifft^ 

a H, l^1VVIV:P<J^ilf/!l.r>:H v| fj Mj fjii, BP#^tai,a 2 ,a 3 , If# 



0^1 + 0^2^11 + <^3^12 — 

0L 1 + 0 ^ 2^21 + <^ 3^22 = 

Q^2/il + <^3/^2 = 

^2 + ^3 = 

OA = 


v 3 i 

^32 

1^3 

1 

0 


4" a 3 = a, K'J a 2 = (1 - a)- ftft 3\ p,g,i |P Vf |AJaeA.> A P|JTiJ f} 

(17)-(19). 

?L^>}± 1 .ini h>j ‘V i-iAn *1 •. tuW: wi,w2* ip 

Ai,A 2 i^i-, h, ip-i t vfV:> ht ! jR» 

13 Markowitz |nj |fj ||, iX Pf| fg [fj M It if # ||j 


'VIV: (6) (S) fjf' A at 

if AA£MA'it^^iiiitHitffi#Mif AjAMiffrtA aia 

> .-- h V A v *—» _ 

□ 


Itift 



it iiE # ^ ct nr M it ffi # w ta fr Hr ?& 


JL Cov[r p , r 9 ] = 0. 'A ff-fBf-#- i 5L p g If ‘f'fv&iA/^L 

E N - E [r p \ = (E[r, q \ - E [r p ] ), /3? = Cov[rg, r,] /Var [r q \ . (20) 

# M ?L=ii£-& p A “ f % Mfk ” m Eft, If !e g ii# a, (20) 3t A # (3 ^ 


Af*] - ^[r*] = Pi(E[r m ] - E[r x \), A = Cov[rg,r m ]/Var[r 


rri 


( 21 ) 


( 20 ) 


-Efa] - r f = (3i(E[r m ] - r f ), A = Cov[rg, r m ]/Var[r 


m 


( 22 ) 


-g-t r f 
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Sflfc, Sharpe iA^J, & jUglWfftSE# 



" “aft 





P^M^'HMH'J* A-JP'Ll* kjliaise ^V/V > >H ^ ItX ^X./71 N -UC J/4. "H W 7£ 

-eium- --fiimi^o 

j (>jjs 1)0 

^-A: — eft 6&47C4fe£n 66 . -H^-fef*_aTtT+^^n ^v_m 


W&ltt- Sharpe £*&!& 1964 [12] & - #1 i» ^ “&& 

^HEIS#3(homogeneity of investor expectations)” j[$'So $PId37't' /E 

±3£^7:^r3E37tiMJM:7o 




37 # a in m m %- # n m w mT%*%r%.vt m m 



T-Jlll: Sharpe *7 Ji]f 3c ll'j JB o {0 M, Sharpe ® 5ft 63 ilE BJJ JL kk JL f7 IS 

(mmi) 



h 




EL 


■ J 7 1 » 1^ 7 Markowitz 3g tf> in/13 





WWo 












ifrik 









o 



>: - re = /3*(r m - re) + :,, 


(23) 



m&E[ £i ] = o. Jfmntik, ®Rj‘Fl3 


/% = Cov[r j, r m ]/Var[r 


m 


•## Co v[r m ,£i\ = 0. 0]tb, 


Var [rj] = /3 2 Var[r m ] + Var[e 


(24) 
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A 








-LL. 

n 




Aj®Ai 










A^A^AAiiAiM (capm) imi a 'jiiij -i)i 'I'ri'jffi'Htc^ 



ti a 



tEL 

"AT 







' I- > A 

T&o 



b'Mi 




#o 

a , jEtmamm 

AIA AM^ W HMo 1976 A-, Fama AiMj A§i »!&! UXW%W [4] 



ft* 

ff& 



«, inj^lTH<J^^EWM*Jfj4^o Roll * 1977 [12] 

o MAWAMAA, j^^Ross w APT it A CAPM 

n<j}iA#jiiiJio apt 

Mo ii, Ron 4.3 

ito ASftittfc, CAPM (M I)[. a A A ill JIfll I AI All, nTjBMA 


aA” llAffl, fAfffi&iI CAPM j&Ao AM&TAMAilAij 


A* 

/ 




4 M *& l n J M o 

AtApjib, cAPM^mm^xam^o AiimA, a 

Affl capm (Dow 

Jones mk, S&PJ!tm^#)o iitkHSlJW/Sat^W^^WCAPM |ft 

MX, w-#rna-M 

capm aa 

j£ffi#Wa^o itk^h, ZiAli & k, CAPM 

ktAAftllMo 



RTJIA 


4.6 ii E A a , M in Alitt ' A kt ifc Markowitz iiE # £§. AA # IS ifc 

AMPAIAMAlIlIAAo /hiiljifiiUM ^*lc AfJAfIAi]iiI4'A 
n ItSAiE#, -SM A Aaffi#tR o'WMifcil#, A PS A A n # iff # 

UA^AI^ VA)TII!iiKAnA fi 1J§ A IT liJ A U B A $ g ll„ AA i., 

A, in iJ 7 ] M a B /l: A A| Ij A AII' A! A A A ifc Markowitz Jg i£ 0 


87 



Kfljtii •JjMumM'-iM, Hilbert 

p-m ->r. 


Ri = {r e M\ p(r) = 1.} 

fJi wi^iU/E J tlT^ifl It M » BP n,r 2 e Ri fPftf«eK, & 

i\ (1 - oi)r\ + ar 2 G R.. II, Ri H i j i^blffi ; ll-J, UI-'A mJ 

AaipMigf, & 


<Rmfu 




A- 

/l' i> o 


i i: M J-lJ PU III 1 Ji 1 1 1 H'j • S ii>. ft i'aj aE M 4.2, “Markowitz 


r p m r q tb: n 1 





yfv 


r G R\ r p fR r q fti $ W £1 1 =t HU ?&« 1AtT AVjc: 

Ttt'fST r G i?i, r A r p , r 7^ r„ lY : /l. a r G K, yp/t 

= (1 - a r )£[r p ] + a r E[r q ] 

Var[r] ^ Var[(l — a r )r p + a r r q ] 


r p r a ]• R, ^7t : $m±wmim^rn^ 


q 




E[r 


Var 

r a r r q 

1 — a r 

1 — a r 

Var 

$ 

T - 1 

1 _ 

a r 

Oi r 


= (1 - a r )E[r p \ + a r E[r q \ 
^ Var [r p \ 

^ Var[r 9 ] 




aEJ£ 4.4 It fa] M ft 

Hilbert $1 '$}. p:M —> M ft M ft & jL ;Jt AfL'ift $L, Ppvt "ftiiftf 
x e M A > 0, t p(Ax) = Ap(x). |fj p(±lx) A 0, &.£ 

l^eM &&&&■&& l (« 1 g M ) (« 

1 ^ A4)„ iCX 

i?i = {r G M | p(r) = 1.} 


1) m G A4, JL £[r m ] = iP[m]/iP[m 2 ] 7 ^ E[r lM 

E[1 M ]/E[m], '$.#*}'-f ftrftf x E M, if p(x) = E[mx ]; 



2) (%. {3-ft , zero-/3-CAPM) r„ G Ri, E[r u ] ± 0, 

'f£#*+ SftST r £ i?i, f 

s[r] - B[r.l = ^(«[r,| - B[r.]), 

Var[r u \ 

-&S r v e Ri, M/L E[r v ] j L - 0, Cov[r u ,r„] = 0, E[r v ] ^ E[r u . 

3) r p ,r q G R u E[r p \ ± E[r q ], ftST r G R u 

ol G M, 

E[r\ = (1 - a r )E[r p ] + a r n q , 

Cov[r,r p ] = (1 - a r )Var[r p ] + a r Cov[r p ,r q ], 

Co y[r,r q \ = (1 — a r )Cov[r p , r q \ + a r Var[r g ]. 

4) r p , r f/ G R u E[r p \ ^ E[r q \, '$.#*}'-f ftST r G i?i, -#S- a r G M, 


E[r\ = (1 — a r )E[r p \ + a r E[r q 


Var [r 


Var 

r a r r q 

1 — a r 

1 — a r 

Var 

$ 

H 

1_ 


\_(y. r 

a r 


^ Var[(l — a r )r p + a r r g 
^ Var [r p \ 

^ Var[r 9 ] 


1) => 4) ( Hansen-Richard i£-5C S) 1) j&AEo d3 1) 

Rl'Sl, r m Ej n M T'^m, M .|.|'|<j M 

M 2 . El3 Hilbert M nH> ^ S iiCt • Afii f M 1 •; 

'pUftJE^SlBjMSR BP 

M = M 2 +M^. 

jtfcJkift, ^"Fft x G M, Si af IdS £* e A4S ftff 

*£ ^rrE m ~b ain M + E [r m £ x 0. 

^'SftfSI r G /?i, ft /l. '"I: ts( a m ,o; r G M, ftf# 

f ( Vm 4~ “t” £V) A'[r m £' r -Eftr] 0. (25) 
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r,r m ,r 1m G R,, BP E[mr] = E[mr m } = E[mr lM ] = 1, |wj Iff, 
E[me r \ = E[m]E[r m £ r ] = 0, pjf ±5^ m fffX 

liTiJ5'J a m + a r = 1, BP a m = 1 - a r . S#, d3 (25) Tijfg, 


Mr = 


Var [r] = 


(1 - a r )E[r m ] + a r E[r lM ] + E[e r \ 
(1 - a r )E[r m ] + a r E[r lM ], 

Var[(l — a r )r m + a r r \ M \ + 2Cov[(l 
Var[(l - a r )r m + a r r lM ] + Var[£ r ] 


- a r )r m + a r r lM ,£ r \ + Var[£ r ] 


BP 4) r p = r m ,r q = n M ^yL 0 4) > | • ||<J J, 5 

4) =>■ 3) i£ 4) J»o ft r G R, r p 

m r q mat, 3) Wjt^nr-^@ 4 . 3 -#Mo m 

- ttmtW* 3§f£±, & rtR: M)l 


m 


E[r\ = (1 - a r )E[r p ] + a r E[r, 




r a = (1 - a r )r p + a r r q . 

8 e n. mmtk 

E[r a + 8(r — r a )] = (1 — S)E[r a ] + aE[r] = E[r\ = E[r a . 

mat, Eli 4) vajk. Ri It i>) It ik, r a + 8(r-r a ) = (1 -8)r a +8r e R u 

Var[r Q + 8(r — r a )] ^ Yai[r a . 

Xff 

Var[r Q ] + 2<5Cov[r Q ,, r — r a \ + <5 2 Var[r — r a ] ^ Var [r a . 


{I/tlR 8 < 0, [Ii |m 


Cov[r a ,r — r a ] V — -Var[r — r, 

Zj 


, 3 in mm 


Cov[r a , r — r a \ ^ —Var[r — r, 

2 


ft Jo Cov[r a , r - r a ] = 0, BP 


Cov[r Q ,r] = (1 — a r )Cov[r p , r] + a r Cov[r q , r} = Var [r a . 


(26) 
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Cov r 


r - (1 - a r )r p 


- r q = 0 . 


w&w^mi^bp 3) • i'H'jj,] m -t m a<> ( 26 ), 

z % p. 

3) 2) & 3) jijctzio Anltc Var [ 77 ] Var [ 77 ] = Cov 2 [r p , 77 ], If A 77 $\ 


r q ie in 4.2 a eB f tti mm, <- p z ,- q 

tfyi a 0*0 UP lA/l /A S 7 , Tf = (1 - 7 Yp + yr q . ^ J - E[r p ] A E[r q ], 
M tiZ'Eil t P''/,' J - Tf. PWEl E[r p \ E rf, JWJnJAX r u = 77 , 

r v = r f = (1 - 7 )r p + 7 r q . 

tUEk Var [ 77 ] Var [ 77 ] > Co v 2 [r p ,r q \. M y A Var [r p ] $1 Var [ 77 ] A AA AT 
T Co v[r p ,r q \. A W A Var [r p ] - Cov[r p ,r q ] 7 ^ 0. ZEf Z r u = r p , 
r v = ( 1 — 7 )rp+ 7 'r q , H-'|i 7 e M #|Ai Cov[r u ,r„] = Cov[r p , ( 1 - 7 ) 77 + 777 ] = 0, 

BP 

Var [ 77 ] 

^ Var [ 77 ] — Cov[t 7 , 77 


eIh^ 7 A 0> #[»>] A E[r q ] r ff £[ 77 ] E E[r v ]. 

nTffi + = 77 , 77 = ^ - ^7 ft A 3) * w 

mmzrnz, mnm 


E[r ] = (1 - 07)77 + a 


(1 - 7)r 


= ( 1 — a,. — 


a r (l - 


77 + 


avr 


r> v 


Cov[r,r u ] = (1 - 07 )Var[ 77 ] + a r Cov 77 , — — 


(1 - 7 )r 


l-a r - Var [r. 


iitk^BP bT^H 2 ) 

2 ) =7 1) JE/eII 2.3 o 


&#, Markowitz IjX A A r 

Markowtiz lli'fc'tC AAAA A ll'll I. ft A, 
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t±.m fa 

^ 11: fr *M ||^-t H’J £It A:M m ffi XZX W * MM%VW o II, $P 

Markowitz MXW W#£, 

^^ji!!j, W4^ 1 1 1 MJ HEi11JI ^ittW S MM #1 , Markowitz 

££ 11 {It % Wi m W 31 Markowitz W til 1=7 HU 'W H mr 4D 

mnnmw* 

&&&£, 4h3p±icrjmffia^ai;pjw*^, &M-& 

fsjjiiissmjfas^ m i M mwinaw %w 

—Xd-, WWtfeUtt. Hilbert 

wmm f - -.wvm iv, mwmmm“mm%\ko Mm#iu 

Wn w 3E \>x u m t± it^ ± s jo # m e ts in {I m ^ ^ tt $ iuj 'f w m 

t“ SUM ” o &WLM Black-Scholes ^^@^^356^ff^Sfe^^ 

tSo 


H a 7 e iftHM0f ^ R W r u |P r v VX R Markowitz kE Vf tlI. It HU fri 






4.7 (\, l;)fiil'|<m^-|', $P 

H4^W«£, BP JftiftwiMRO., 3P^fn]MW^^nr^W(10)^ 

( 15 ) iwmmw^^o 

tHW^lSo j( ; R Markowitz ||j t£ j3 W Si [8] fi'l RW\ t^f i| ifc 4^ ft \'\ W W W 
1#^» illlLIj lit ft) Hi Hm Wt£ (critical line)7f >£ „ S B| f#33 W WHU 7& 4± 

Ws> 



)E i'll 4t x 7it4^ It i'\W 4" , ISitbi4it4b;fc Vf- ffi#tl H3I#|'IH 

tim. 

n #ffi#W4^jfcKF^SW Markowitz Rj {t — 4fJiti 1=7itii#llHi 



mm 

s.t. 


<4 = akw = E"j=1 VijWiWj 
w T e — Wi + w 2 + • • • + w n — 1 

= uHjU = w ly ui + ^2^2 H-h w n /x n = Ji 

w.i ^ 0, i = 1,2,..., n. 


(27) 


/iffSlJWflM (27) W«W4H«^&n 


#iiE#W (4^5?) «/hMP^t§^4b# 0 n ltffi#WW^tl 


__ c^’ ja. 



/hMPita^, R 

4 N JblPita^WlBliaK Bj’llltlx fp] [min,: IM, max, /R Wi ^ R HU 44 

, max, /i,] 'I 1 IMIX , 3^M /^min< t,„ 


n 




^ K tn 4t l X I Fp [n mi 


mm (j^ 
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n 







\X 







o 


I'r ]m (27) ft 

lilRj'ffi Lagrange v£ Kuhn-Tucker ^fp) M , BP w = 

{W U W2, ■ ■ ■ ,Wn) T |P Ai, A 2 , V = {v 1 ,..., z/ n ) T Lagrange 






2 Kw — Ai/i — A 2 e — z/ 

Wl + W 2 H-hW« 


< 


\ 


W1H1 + w 2 /i 2 H-h w n [i n 

Vi ^ 0 ,Wi^ 0 , v l w l 
i = 1 , 2 ,..., n. 





%rm%ku&, mn&n s n . s k , 

k r Sj mm^ s n n<j -t ftp, 

itiT (28) wn-xm w '-mfrm. ^ > o, ;am>k-ib m w * % 


•Bp-jil 4.1 Otw = {wi,w 2 , ■ • .,w n f A? f^l! (27) -f- j)4l ja. ^7 ft $ 

>M*, JL£(28) 


f > 0, i e Sj = {ji, j 2 ,.. •, A} c 5 n , 

l=o i i Sj. 



W ELtL^E Sj 't $ i$-%h fLtf-X , ‘S'n \ Sj ^ 

##J;4L, w' = (?%,%,,..., w k ) T A Sj Jl k (j X Lp# S ft(j 
Markowitz |*J|§. (5) ft\j$f-„ 


(29) W Sj AitfiAl <7 

In (6)-(8) ain^BPomT^J^Mc 

ft gg 4.2 il = (w?, w?, ..., w™) T ^7 f°l II (5) -f zltii A? /i m 
ft$#, m = 1,2, JL^n^Ll Sj #p & *f-f a G (0,1), 

w a = (1 — a)w l + aw 2 (27) *1 A" *R jSi ^ /! a = (1 — a)/! 1 + ap 2 ft\j 

#, #JL w a ElM Sj 
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Hft •*, ft .S'„ ( 27 ) TTf 

tlW)S A AS AjS'IA:- ASliiA [min, /i,:, max, /j,] cf |fj^SI* |bJ > 

"•^EdJ±, itP#£WIA#f[ffS#l-Sj Wfaj® ( 27 ) w 

tfeii -S'j ( 5 ) ;A 

s Sj ^ko sj 

4'MJtiEX-J // ft t|x:fi<J I'.n’jfi'iKtf U ft« S ^WJ04'^Kli<J, 

[a|7j s n KWWKS 









-S'j, BIB [mill, /J,, max,: /j, 

BP /]' /L U l G [min, /i, , max, m 



71 Trill ffi 


min Hi = /I 1 < /i 2 < ■ ■ ■ < fj? = max /ij, 

i i 

fii!fll/!:K|Hj (//V 1 ) *, XrfjSta-gra^W/i 

III -S'j. 

ll'l<jfti , l i7*l'l<JI-'JSl'l<J (27) MS>SSE (§](«£ S si S +1 -3fe 

ift * Si in >S M (ill RiJ ylV f 14 S Ml Markowitz $js (corner portfolio), 

nw^fptio 

£jfcwH£ittii^T, m-saw 

Sito7 &#$, (0fW//i mm), 

» I . \ ___ / » » > _-« A » ---—» t ► ^ ---—^ A -» / . \ \ I— 





-Sj B!Jf ! &S'n . BPtI __ 

&Mm o n'lj W// A iSJS (27) WH 

S® M # ;H iA It M fil i% IS; ii, Jl ^ S Iff fH M )A W [min* /j, , max, /i,] ± (ft 3 S 

tflgMSfo M^^ttSififASxi.m«'iiEiSc 

S M |x. |iij [min, /j,, max, /j,] jjfr I: ;A S ,>,•] l!‘J Af '/A A' 11S Pi —, {i3A Kl 

gt4) m±?m, 

£il 4.5 t£S„ >ME£-i£4ML 

fH-S it v&#57, if JL^ M*?L— y h7SjL,& (£/f;ff A 4 * A|S0af)> i^iLSPA 

)S^.(27)^fi 


a(/i) = 


mm [w 

w^W] r ,w T e=l,w T fj,=jl 


T 


Vw ) 


1/2 


icS^ja. /U 63 iS)|t a fc. (/i, cri) 

IS p.'ZfMmna w ^ 

(?pS^it-;&) At K, js)-f i&JitfitA-SSPAS E IS 
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im Markowitz e 

gf^jg*aifeo U ftft ') ; f:! 64 it 44 !5 ii|! H 4:1ft if ft Ji'iill ft ft . 0!|$R, Huang- 

Linzenberger [6] |ll Ingersoll [8] ri|! {j 4! I "l A' 64 tin I'm /tiS Markowitz life„ Jarrow 

[ 9 ] 64MA4fiftftin, capm, 

3fe ft iS Markowitz j'p ft , it ft, U 4- «44 ft ft )> it 44 IS iE ~ 4! i£ : ft iS Markowitz @ 

AH’ 


ift o Markowitz @ -ft ft ft ft I. it * 4B B 3® , Mil A A & S Yi /£ S 333 o SMS in M 


Constantinides-Malliaris [3] 64£g IftAii Jl Mi, » f! 1 bi ]li ft *j a! i 


W & Vf II: ft m £ , 4- v 'I'iftHJ 31 m tt IE it , 


7C m :4c 

M ift 4P it ft ft 64 - M ftl tR iJ nj ft 4 ft 


ft it 44 4S ft ft SiJ ft, 37 ffl ftl - ® it ft 4M M 64 £r i,R. S ® *p i,R tE ft 4 M - * if ft 4M 
Jc'J (mftftft) ft®64it444SftftfM 

“M 2” o 


± Hi it 3\ 64 ft ft it 44 4 s ft; ft iS Markowitz fl! i£ II-] ft! iE fR 41 ft 14 ft 4': 64 o ft ft 
ft ift* Markowitz 644B'J1ftiftft [10] ft, 37 14 ft fit 11 ft ft A 64 4 A [11] ft, 

4:7 ft n s ft 64.. s ft rr st ft in ft ft f, m 

mmn^o 1 ^ 04 , sftjsMMssMMfto Mftftftft^ftWft^r, 
ft ft ft B 5® o S fJ ft Aft ft 0 t ft iS it] —it ft ft ft ft ft tit 4F64inM, ® 0 S fJ 64 ft 

ft [17]o SM0TiffiLlJW^-4t4SftWftftftS5tmi'fta4ftSo 

lEftlSinEiSitfiJii, ft 4- ft ft ft f4 Ht 'V 1 ft Sharpe [14], Lintner [9] 4P Mossin 

[ 12 ] ft©j#i.v:®ujWo ftiri ft ft i. ns 14 ftft M . v~ e s> m 4: s hi m ft in ft ih 64 - 

* fc S> ift ft fP till iV/ ft ')•! Ill T' Tobin [15] 4P Lintner [9]. liitu ft ^ it 44 4S ft ft 141 W 
lftlft4Zft®®W-uEB>]fta Sharpe [14] MPM S-ftR/j, TfttPSfJftft 
ffftiSW, ftt&Hiift, ftitftftftfttaftAiiSiWo ft Constantinides-Malliaris [3] 
4P Huang-Linzenberger [6] ft jSO 40141 ff il “ IE ft lltr V& il ft ” Wti it 4t ft © ^ M — IS 
H4 Black [1] fi<j “ ft (3 tftWftftfttlift’ = SfJWffiRftfceStfJWftft [16], ftIPM 

S in ft ft m tft 4fft|<j ft ft “ it in ft ft ffi # ft & $ H ft fl4 ft ^ HU v& ” 64 ft IS ft # o ft 

[17] ft, SfJftT|ftftftftS64tit ; fti4^7lim64niMo ft ft Markowitz ft «V& 
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«, CAPM Cochrane [2] '|'fl 

i£, ffl-^lcjnSMSeijj fKPPBXPMo Sill 4.4 '|'fft 1) => 4) Hansen-Richard 

;> ffi 4: @. 1987 <| 'X XlH Hansen-Richard [5] 1 1 1 ||<j t', li = 

X J X 4- X i" : aE fir H ’V 1 l! : j |-'> P M jH . {{■ Huang-Lin/enberger [6] 1 1 1 {]' C f ] X 
IS P il i& o 


ffl dOL B 

/HA 



5 W 5] }§§ 


1 . 


yP = 0P X 1 + (9fx 2 H - h 0£x n , p — 1 , 2 ^ M y hiiE#ta jjV 

l&o y = y 1 + y 2 r. y if p\ y 2 

v IP V X'SHIX n 


i'll <7 



o 


2. iX p |P q XjMllffi#, ll.'LlffJl'flli r p |P r q '/gj/X E[r p \ = E[r 




3. 


Cov[r p ,r q ] = Var[r 

$PlH n ||iiE 

si, ncix 

iij 










M-'I'MIIXM 






4. tXill : # p |Pffi# q WlRlHWlKM |RJX l& ( ^ M^ 

fell), 

Cov[r p , r 5 ] ^ |'h] W ^^ o 



5. H ^ RU iti 


/£ # l± ? iX i'M MIIW N Il¬ 


l'll JXIX, XXffj M 111 i 01 , 


R 



«pij m 



? 


6. W^'RffJX-J H>;iii-: 

# -H fi-J fj $MT II f I • ^ il'l ? 

7. 




& II I - # X Wp = (Wp,W p , . . . ,W p ) T , W q = (w],W 2 , . . . ,Wq) T . 3|3 X 

'Ll if J H'Jll iXXl'illX ! j X: Co v[r p ,r q ] iX || ffl n || ill : # i'll IS 

in W :X X /] < ? IX fI-I Sb ilE I® , Mffi 13 
& # m X JX M ^, IP X, '‘ :?/;/ 'X t II X ra ^ 40 ^ * ■■• '* *'' 



Cov[r p , r q ] = 0. 


P it- 11 . 3 ' !S 



ri I i 

n 




8. ^WifeiETMifi 


^J=L 
PI JC 



/ 


PI 



9. 

j|- ISt MI 'll jf j llj I.-.J X X R 111 P X 


IN o 
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m r i', %, 2003, jfft\'\ will -:#m 

56:. 



m, «m 


P#fl 1: Sharpe iiEBfl 

Sharpe = M EP {£ |rTTT l M r “l :| WilE# ( 'M ffi #M 


n 




±„ * * m m 




a = <r(a) = ((1 — a) 2 Var[r m ] + 2a (1 — a)Cov[rj, r m ] + a 2 Var[r 
/x = /j,(a) = (1 - a)E[r m ] + aE[rf\ 



'& M r m fW r» # fk 11J R if # m '-j hE 



(M<J) i 








R ~ r f = 7 a, *fp r f fk 
i'll) ^ (cr m ,Em) = (Var 1/2 [r m ], E[r m ]) -fie if J i \ 




E 


7 = 


r 


rri 


T f 


Var 1 / 2 


r 


m 


% 


-urn, mnsut i .<r a m = #o) m ,, 


m 


= mo), 






W 


M J /Jv 


r.'i >£< 



7 = 


7, BP 

M(0) = (E[r m ] ~ ^N)Var^[r 

<*’ (0) Var [r m ] - Cov [r m , ry 
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E 


r. 


r, = ^S^(E[r m ]-r,) 


Var[r 


rn 


mm 2 : 2 

1 . flu, Rmmmm%L: n k w^Ci 



13 J:Ei 
TCfB 


Vx, y G AT, VA G [0,1], (1 — A)x + Ay G AT. 


lkf»rH> »J (M*t) faMSl'H I.,, 

i& f-.K - M, g* Jl C M n MAI J- ff:f"j' x,y G K, 

Ae (0,1), w 

/((! - A)x + Ay) ^ (1 - A )f(x) + A/(y), 


31^ :K u:K^Rffi% KM#}Wm$L, JiJt 

Mjjjii t“r : ^”o bp r : Hflgt mr &Hitffo 

/: (a, 6) -R, ±ft W#^rJ' AA WT W 

® Hi o 


Jiii' 
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tU^b>y>z>x>a, f|3 ft # ft A G (0,1), z = (1 - X)x + A y, 
A = (z- x)/(y-x). X lb 


m < — m + —f( y ). 


y-x 


y-x 


iitk nn 


f(x) - f(z ) ^ fiy) - f(z ) 


< 


x — z 

« / of#, z^x,z 


y - z 

y, rT# 


w ,/, X . /(y) - /(®) . ,/, X 

Vx <y, f (x) ^< / (y). 


y - x 


v.-Jil 'I' b'l >e 






w (Mg 

mi psfcx^^m-k^mr^o ^gt„ i-.j rr, om 

$t 'h it-' j 1 'Vi u! m^g | 0 raw# mm«»j‘MM xt\m 
«"<ow a s o 

x = (x 1 ,a; 2 ,....,a; n V r tt^o m 


E 

'vj' 



y/y \ , df df df 

f W = 7^0*0, 7^0*0,. . . . , — x) 


T 


c)a;i v "da^ /7 7 <9a; n 

3* / ft x G A f ft x x 1 G A', 

(/'(^O - f{x)) T (x' - x) ^ 0. A/jtbN $t» & i,!/e A', h — y — x, M 


/(y) - /O) = fix + h) — f(x) > if\x)) T h = (f(x)) T (y - x). 


T 


Wi a |5/r ^ 



( 

dx\ 

d 2 f 


fix) = 


O) 


a 2 / 


dxidx 2 


(x) 


dx\dx 2 

fi2/ w 


(z) 


02/ w' 


dx\dx n 

a 2 / 


(9a: | 


dx 2 dx 


(®) 


n 


a2/ w A!/ w 


\ dx n dx 


dx n dx 2 


xi 

dxi 


(®) 


/ 


Aj f /li a- G AT Hesse ^[i|« f” ft x ± 7 § f It 1^ # aE o l n l 




£ 




Markowtitz |n| jg '-|> $J @ ® W Hesse ft gf[ ilE # l& j& $ Kj tfr 

MM H. M MM, Hltk, MiMl 
M-MMi'M <> 



° >> 



m ja 

7K PJ 
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2. 

mmmm&f&vEW, xxr- Hubert 

x mix tixi y, u^^rnjE^m, 

x = Y © Y 1 , 


IM HT:M ,• g x, U{i.m ■ iXj ijx e Y in !/.;. g v . im .<■ y, + //, • 

32 it, -tfe — 2 IE32, M y A z —/eH Y x2.jk 

0 % z Yj y .hn<jji)rfj 7L4v^ii:^, 11'^ 


n 



x li x 2, • • 


x n 



n 




CL\\X\ + d\ 2 x 2 + * * * + d\n x n — 0 
O- 21 X 1 + CL 22 x 2 + * * * + a 2 n x n = 0 


a kl x l + a k2 x 2 + * * * + Ukn x n ~ 0 


‘[< "I /ift-'Jc n |[pjl I = (xi ,...,x n ), k ^ n Xt (cO m a 1 = 

(an, ..., aik), i = 1, • • •, k, |®lE3£o k [n] jft3 k$C W 1«] m 5? iXf 0 Y , 

.<■ y . mxeii k+ 1 

n X§ \u\ Hi a fc+1 = (afc+i,i> • • ■, Ofe+i,n) -J x 3P 

a fc+1 ig y-L Hitk, 



OllXi + Ol2^2 + • • • + dlnX n — b\ 

< 3 - 21^1 + Q' 22^2 + ' ' ' + 0 , 2 n X n = &2 


dklXl ak2X2 I - - - |— aknXn bn 
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a nVl + a 12?/2 + • * • + ainVn — 0 

0212/1 + a 22?/2 + * ' • + &2n?/n = 0 


a /cl 2 /l + a k 2 U 2 + ‘ * ‘ + CLknUn ~ 0 


Hitt, 



o 


3. Markowitz | o] 11 _t 0 >J JiiZ : 

Markowitz |n]^: 


min 

s.t. 


V(w) =a 2 w = w T Vw = V" ; . VijWiWj 
w T e — Wi + w 2 + ■ ■ ■ + w n — 1 

fl w — W T fl = Wifii + W-2^2 + • • • + W n fl n 





H = {w eR n \ w T e = 1, w T n = 



(1) o M W MHm (1) MM, M&ttT w e H, ® a 

V(w)^V(w). ||i J - // H t e (0,1), (l-t)w+tw e 

h, jAmmm 

V(w + t(w — w)) — V(w) ^ 0. (2) 


^ h = w-w. pllj I±1 w |P w gfl Joi- // |i>j vl /K > 









h \ + /12 + • • • + h n — 0 

/J 1 h i + /i2^2 + ' ' ' + Unhn = 0 





, y (w + i/i) - y (w) 

lim - 

t —> 0 + / 










w + h G tt:I (2) 


dV(w) 
dw i 




(3) w h ti {s^nn h m)i ( 3 ), ip* 

-h tiinl/iL (3). Hitfc, l.x>J j• ff:^'J/Ui (3) S3 h 


dV(w ) 

dw i 
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mmm a^> 


dV(w) 
dw i 

dV{w) 
dw 2 


Ai/^i + A 2 
Ai/x 2 + A 2 


dV(w) 

8w n 


A i /i n + A 


2 



lA i w i + V12W2 + • • • + V\ n w n — -Ai/ii — -A 2 — 0 
^21^1 + V22W2 + ' ' ' + V2 n W n ~ -Ai/i 2 — -A 2 = 0 


K1W1 + V n 2iV2 + • • • + V nn w n — - A1 /i n — -A 2 — 0 



214 w — Ai/i — A 2 e = 0 . 



JxAl, M#/± A 1? a 2 , {£# «’ e // (5), 

( 3 ) W h ( 4 ) eIei^ y Iflgf, ( 3 ) W h 



V(w + h) — V (w) ^ lim 

£-> 0 + 


V(w + t/i) — V (w) 


t 



BP^AMf(1) w W 14(w) ^ 14(w). |'n]fl 

( 1 ) ( 5 ) ( 1 ) MMMItfr&fto 

4. it "ft H fi \J Markowitz |'n]|i: 

M /± ft i'\- Jfe 5 ? I'tA Markowitz |n] j§! : 


min V(w) = af = w T Vw = Yaj=i v ij w i w j 
s.t. w T e = Wi + w 2 + • ■ • + w n = 1 

Hw = W T fl = W 1 H 1 + w 2 /i 2 + • • ■ + w n fi n = /1 

Wi, w 2 • • • , w n ^ 0 


SMfX =1 Ai G [min, /i, max,; //] frf, 



o 


H = {w e M n | w T e = 1, w T n 




w e H, -tDi, tu 2 ,... ,w n > 0. 
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if f| At min* At WL max,/j AfWo if xlH fjAiiP iffwf 




wffi 

jfe i /,: •'■'' *■* 


, '[':.Q.fii> , ;^ r " 




if in if , 






M- ffl A i ’ 




Vtv 








PI 





ft ft (ft w .If At = min, /j if max, /j |ftfj if ffl M if 

ifc It ^ fft if, nJ'JiJ F ffl (ft ^ If 'V if ft fr ft if„ 

f 4P I Ilf #^M#;ft(ft[ftMwei7 ^(n]|£ (27) (fti§#(ftf^^ 


Vw G H , max{f (w) — V(w), —wi,..., —w n } ^ 0. 


(7) 


MIII:, M^ 


iA< n 


A = {x = (x 0 ,Xi, ...,X n ) G 


n+1 


3w G H, j$_ ff 

V(w) — V(w) ^ £o, ~ w i ^ Xi, i = 1,..., n 


-^J ^ n 


B = { y = ( y 0 , 2/i, - - -, y n ) e K n+1 1 %■ < 0 , j = 0 , 1 ,..., n.} 

Tf'ffiitlo 5 MMtAif if o nFftAfifft a: 1 ,a: 2 e A, #ft wfw 2 G H, iff# 

V(w p ) — V (w) P Xq, — wf ^ x p , p = 1,2; i = 1,_, n. 

Hitb, itfAfifft A G (0,1), 

P((l - A)w x + Aw 2 ) - V(w) ^ (1-A)(P(w 1 )-P(w)) + A(P(w 2 )-P(w)) 

^ (1 — X)x 1 + Ax 2 ; 

-[(1 - \)u>l + Aw 2 ] ^ (1 - A)x- + Ax 2 , i = 1, —, n, 

ifMfflfiJft M \ ifttiftf, BPfitiit 

P((l - A)uf + Aw 2 ) ^ (1 - A)f (w 1 ) + AP(w 2 ). 






(1 - A)x x + Ax 2 G A, If 
M i> if A M : #ft n 0 , z/ 1 ,..., z/ n f f ft 'f, 


if#, 



Vx E A, Vy e B , z/ 0 x 0 + n,xi H-h z/ n x n ^ v 0 y 0 + niyi H-h n n y 

if-^#Alftfftf ffiflttf-ifift 1 #, HI, 


Vx G A, z/ 0 x 0 + nixi H-b v n x n f 0. 
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M \tf . ill J' ^0, Xl, ■■■,X 

— Jj M. 

5')X'j J ■ jX fnj w E H, Af 


n 



ift -E' ^ Y J v 0 ,i/ u *. r .,u n > o. Aj 
’/■ ill > o. i 3 ?mo, /l i-A'i 1 ^ %i = Wi, bth 


Z/lWl + 1S 2 W 2 H-h V n Wn = 0. 

UMivm, h w. mm 

Vi = o ff'f A i\ "J fib c -t/'S if] ^ ^ ^ ^ M o is; #, & Aj{ Ai v 0 > o. 

Mvo = i iliiH :\m 

\/w E H, V(w) — v\W\ — u 2 w 2 — ■ ■ ■ u n w n ^ V(w). 

IE w iX iSj AvM, 3$ iJb ft 5'J 


-Z/lWl - v 2 w 2 - u n w n ^ 0 


W ^ ^ o, Wi ^ o, 32 > fX "'i 


UiWi = 0, i = 1,..., n, 


B^WnTtbo Bljlfc, MJaW: W = («)i,...,w„) e H M\<AM (27) WiW 

#£ vi,...,v n > o, 

\/w E H, V (w) — V 1 W 1 — ■ ■ ■ — v n w n ^ V (w). 


Wi ^ 0, u.iWi = 0, i = 1 ,... , n. 

-flcffJl'HE V(w,v) = V(w) - v 1 w 1 - ••• - v n w n I'. • iV'I'H'J 

V(w), t 1 S tJ ’ Ttl W = (w-L ,...,W n ) e H JE 

nm ( 27 ) ^ >o, a 1} a 2 e m, mm 


Vt i w i + V vi w 2 + 


V- 2 iWi + V 22 w 2 + 


+ V\ n w n — — Ai/xi — -A 2 
+ V 2n W n — -Ai3X 2 — -A 2 


= V\ 


= v 2 


VnlWi + V n2 W 2 + • • • + V nn w n — -XlUn — -A 2 


= u 


n 



2 Vw — Ai/i — A 2 e — v = 0. 




Wi ^ 0, i/jiUj = 0, i = 1,..., n 
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5 . Ross MmmfeVtmib (apt) 


MB Ross (APT ) 0 ftULi apt 

fixi& -'j m ft£R&JS'JW« M o itifeSI vEm TT PB Vt .£ 1# U £So in 
tti T £ Hi j Jo-& ^ m Jij m m M ! j f M A T l/r A 4- )i S A faJ M A ^. JiT? ffi a ■—T ! T ! 
M f T@fl? ft A T ft V- A TfflT RJil PTIA. 



• 5.1 h: P T1 ii'i it III Ross fft APT tJi£o 

. 5.2 litittiisf» 

• 5.3 tlPBtt^MTiTWMP-AERSTTa.o 

• 5.4 4A Arrow-Debreu uE#lbATATift AT#3£TTHo 

• 5.5 ftATMATa.MMo 

• 5.6 


5.7 ® f A* JT*Tn ft a t ^ % :RTT 


: o 


• 5.8 MftA£R«£SW-TfiW'JTo 

• pH t 3 ., 


" S TJ /E iA S iT ” jji Arbitrage Pricing Theory $J H #, A M -' j |i fk 

apt. tJcffJfiijifiilTTRTPriTiJiiJ T* £-ft im j§ • R i;:M 

apt, AfjRR AASR Ross fifj “ PTJ ” o Wi Ross m apt MM 

(capm) tap^at^ecapm 


5.1 Ross T 1976 T-fethW APT ([13]) Sharpe 


Pr awjir& m c 

WA^7E#A5Rtb^HiRii- 



-mmmmm&jEy, imi- 

hxko jmyK iiuuciinaii |oj />cA!>» apt Av£K^ 5 c “ i$Jra 

%mm\mr\ a$H$ apt 


yjv4a -'t 
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jSc >]< aE jft '14 W\ 




am 





Hf 5fe '$ ffl 32/— M & 5fe IX iti Huberman ^J APT 

Hilbert Sf§] -M- 

MM# 1 , BP 1 e M, #M.g£Wm&feifrmmp:-> M (W^fl^E 


tl 






Tf = l/p(l) > 0. 



7 


s 


Tp^ffW^bPSWiiE#, 4£ ft Milium ri,r 2 ,..,,r k , ... e Ri. 

IbJU't- >4(I ftff A' I' H A0 % (B'fj tfl3£ It, pJ 

xa^^mmm) hj2,...j K , **** 



K 


r j ~ r f = Y V(/fe - r f) + £ i > J = 1, 2,..., 


( 1 ) 


£ 4' £i Ji 





j& A' t g A 41 


> 


k =1 



“ I■ -lii. ”, 'SrjriAi 

Cov[£j, £j] = 0, i^j, 
Var [£j] ^ a 2 , j — 1,2,.... 


( 2 ) 

(3) 



JW'i 







£fJ 



HAf 


3cfb0 M mftffl$ (BP R i |'!<Jyc4v! 3A£h 


lo xj (1) Pit# 


K 


E 


\T31 


r f 


Y X jk( E ifk] - Tf ) + E[£j], j = 1,2,.... 


(4) 


k =1 


m k w a id 

0 rTWtW -r, = o. II, M At I'icA iCffi-l^A J- 

A, 3|I^ (i)-(3) i^-imm£ffim#Ifto ^NS^MA 1 j tf}“U 

A: b)l ” , )MI.AIIiiP#P'Jl^ “ftM” ift'RliXHPj (BP (2)); MWW 
« '!=» 


wmr’fm m 

IIJ A- tWtkll -f A A: ft lift A/A';Ao A4S 

iz^amiftMiftflft, hs/i; j-, 

ftft” M'&tt.miM-BnmX, 3P^3A#WtlM^^fflWo M apt j'j 



h-a r oss mmm 

b 1 jP A fix Si SI o 
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(2) {ll (3) 




Var 


{£>{> Zl , z 2 ,...,z n Xi tng'gin&jfiM Var [ Zi \ 

iXbF 1 cr 2 , 3P^±A^{5 cr 2 /n. =i n -> oo fcf, a 2 /n —> 0. isjf] 

BM£nit, 38P^^MMJ¥KW-^o ISB 


Zl + Z 2 + • • • + z n 

Var[^i] + Var[z 2 ] + • • • + Var[z„ 

n 

n 2 


XfillilWfo t t Huberman |{j i£ X ® IX “ 

m\m”^\Ao as, acMrt^as & 
ix® 






gLM: 




JeSS 5.1 i<£ M % Hilbert ^ fa] 0 M ^, 

1 e .M. p\ M —> M ^7 .M Ji^ iX #. BlB®{t, JL p(l) > 0, rf = l/p(l). 
i?i = {r e .M \p(r) — 1.} ^ & T ?'J ft 


1. p % iS)#t; 

2. ($ri£^g{'Hgi£)^«ii^'J {r n } C R x A Var[r 

ll r n - r /H 2 = ^[( r n - r /) 2 ] 0. 


n 


o, 


B Var[r n ] -> 0, 1|I y A B £ n = r n 
itb» p(e n ) —> 0, BP p(r n - E[r n ]) 

&#, mmm am - r f . y 

x + y || ^ IISI + |k/||), XM# 




» {r n } C R\ 7 

ami, amw iimi 2 = am - o. h 

p(r n ) - E[r n ]p( 1) = 1 - E[r n \p( 1) -> 0. 

Mill, Ft! M 


r 


n 


~ r f II = 



r n - Tf ) 2 ] < ||r n - £'[r n ]|| + ||A[r n ] - r/|| 


= Var 1//2 [r n ] + |_E[r n ] — r/| —> 0. 


Hitt;, E[(r n — Tf) 2 } —> 0. 



> ^ 


MM 


wy{f/\ : .yn 


{x n } C A4, iil'i B x n -> a; (BP ||x n - a:|| = A 1/2 [(o; n - x) 2 ] -> 0), {0 p(x n ) B 

i§[SB p(M B#j#I iBBB 5 > o, tW n, W IBM —p(x)| > <5 

{x n } My bm , « r n = m - 

x)/(p(x n ) -p(x)) e Ri. MBBB R\ B BBBJ {r n }, mnXT 

Var[x n — x 


Var[r 


n 


- \/Q T* 

nr* nr* 

— V ClI 

1 

i _ 


< 


5 2 


o. 
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hkWimm, mim E[(r n -r f ) 2 }^0, BP II r n -r f 
Wo 



r 


n 


= E\rl] = E 


nr* _ nr* 

<Aj n Jy 


P(Xn) - P(x) 


< 


nr* _ nr* 

Jy n 


5 2 


0, 


ih m n m- -ft, t n m nj mmm 

ft o 



I—* > 


^ I rJ r f 



/J\ 


P tf. 



□ 


t> fttui: m Ross w apt 

5.2 (l)-(3) A3-» 






n 


lim (E[ej]) 2 < +cx). 

i-^ rvo 


n—> oo 


3 =1 


(5) 


&w (5) *$ a o w'a 


oo 


£w 


£j\) = +OC. 


3 = 1 


mW fix/£ ft K+l ftffi# r f , /i, f 2 , • • •, f K t BP ri = /i,..., r K 
f K , #M.n>K+l. 4 


w n = 

^2 r>n 


E\e; 


yu Am?' 


i = K K -\- 2 ,..., 


n 


n 


< = 


- A lfc u’, n , /c = i,...,/i, 


n 


w 0 = 


-E < +1 


2=iC+l 


2=1 


filMAPftfft n w ELo^r = !> ftH 


n K n 

Y1 W > E = w o r f + ^ Wkfk + X] 

2=0 /c= 1 2 = iC + l 

X n 

= r /+X]^^ fc “ r /) + S <( r <~ r /) 

/c=l 2=X + 1 

K n n 

= r f~J2Yl - r f ) + U w i(E-r f ) 

k =1 2=X+1 2=iC+l 
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n 


K 


n 


r f - w ? (X] x ^ k - r /) ] + <( r * - r f ) 

z=X+l \k =1 


z=K+l 


n 


r /+ u ^ £ *’ 


2 = X + 1 




t# 


n 


n 


Y\ w?E{r,] = r, + T <£[£,]. 


i =0 


i=K +1 


fll. ^lll J- w?MT i = K + l,K + 2,..., MfeX, 

tf n tf 


M 


n 


J2 w i E i r i\ = r f + U 


i=0 


( 6 ) 


n 


n 


Var ^ 


< r i 


J2 «) 2Var [ £ 


3=0 


^ CT 


i=X+l 
n 

2 \T^ / n\2 


£ w) 


2=X+1 


1 


= cr 


e:La- + ^n) 


n, ff„ = Y^=o w j r j e #i, 
r f . a (6) is:#, /EJiffffio 



0 



m, Er= 0 <^h] 

□ 


*tit £ (i)-(3) 6>o, &m 

m'i i) it iv 5 , itn ^ j>n 5 Bt, 


(^N) 2 < s. 



(5) AiPJ3iJ!J'Uj j-'tifu 

iitkajAL, (1) 

tma a„ j^mmas aau t aaMA. a 

3P£$£*RTtSltt o f AMAlHAM'm 

a, m a “ # pp* a ” a fit a - a a s a a tau $nA##o aa as 
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^ mm ^ & <r % v* e r s w 






lM > ffo AT 



fci 


(&MJlf!^# Friedman 





apt sa *;:v^ 

T, apt iSWttf It 

- '.J fk TftmUR E[ £j ] = 0, fE M % 

mmu'km “ w i^t s mj” * m m* jt ± w <, 

tLL yj vi ' | ' /_lz.; 14 H'J in T S T& |t IP'lA At ‘ ^ 

t? Rituiafp 


JAM -'M, jTlEltAtffiTTiT apt Si£i£^fe—i 





Cov [e i , e j 

COV [f k , £j' 



K 

'y ^ | jk(fk r /) T £j; J 1)2,..., 

fc=l 

o, Cov[/j, fj] — o, / k A 
0, k = 1 , ... ,iP; J = 1 , 2 ,..., 

0, Vax[£j] ^ a 2 , j — 1,2,.... 

K 

Y \kE{[f k ] ~ r f ), j = 1 , 2 ,.... 

k= 1 


( 8 ) 

(9) 

( 10 ) 

( 11 ) 

( 12 ) 


cov[/j, /j] = o (* a j) xjiiriiWo 



Bpa^Tn«Ai&-iHA, 

(BP)ijw 

ST 1 ) TH«i!Tio AJ (8) fi-E{fi] RM. 




K 

E{(r, ~ r f )(fi - SI/,])] = T A Jt E{(f t - r,)Ui - £[/,])] + £[%(/, - £[/,])]• 


k =1 


btj t s si E[f t ] mm 

E[r /(// - £[/,])] = £[£[/,](/, - £[/)])] = 0. 

/AM 


^■-r / )(/ I -*-,£?[/,])] 


= P[(r, - £[»•,■])(/, - £[/,])] - P[r/(A - E[f t ])] 
= Cov[rj,/i]. 





£[(A - r/)(A - £[/,])] = Cov [A, /*], £fo(/, - E[f,})} = Cov[ £j , A] = 0. 


Ill 



iitk rT*#, 


Ajfc — (3rij k — 


Cov[r-j, A] 
Var[/ fc 


k = 1,2,..., A'; j = 1,2, 


m-a, ^ a: = m, 4- r m = a, ft = \ij, mm 


r j r f Pr-j,r m (j’m r f) T £ ji 


j = 1 , 2 ,.... 


- r f = ^,r m (A[r m ] - 77 ), p r . trm = Coy [rj, r m ]/Var[r m ], 

(CAPM)o APT 

capm apt m^m&o mntt 

apt mm^7±n, capm a 

CAPM 


5.2 -ficffjvi'^/ujuiini^^H capm m-im 

01^11) zmfomvt&o mrmmi apt 

11J '.;'II', ]• capm lAAiiA., -tM®: MW 

apt 


/V 


mm? jEtmamn^ capm mm, mvmm^-A 
m w j- m a apt ■ 1 'i'i<jiai -f-zmi*%o Witt, arj^aiT^ij 








> - 


o 


^il 5.3 ik M Pj DcAL;Ria. Hilbert S I A „ p: M —> M ^ ^ 

m e M P] A 4j PAWWAJIL 0 W > a; G AT, 

^ p(x) = P[mx]. r f = l/E[m] > 0 ^ -Jt-40 12 6\J Tg AU^r£'J ^ „ Ri = {r G 
M | p{r) = E[mr\ = 1.} P] $r 40 M ^ Ja. 4£W W ° 9 i, 92 ,---, 9 k e M, P)7T 
^ ^ P44M *, JL £[< 7 ] = £[<? 2 ] = ••• = £[$*] = 0 . 

a 1,..., a*- G M / f£# m = E[m] + aigi + • • • + a K gi< =1 JL'fc M 

r G Ai, ^ 

£[r] — r f = filrPl + /Ar/A + • • • + Pxrl^K, 

* + 


Pir = Cov[(yfj, r]/Var[(yfj], p. t = —a.jr/Var[(yfj], i = 1,2,..., AT. (13) 


-ii 0 J W W-1 . > £PKc nr = E[m\+a 1 g 1 + - 
M r G A 1 . W £[mr] = E[m]E[r] + Cov[m, r = 


• ' + OA'fi'AG DP W WW W f n J 

1. Hitk, ill rj = l/£[m], 



r f — rfCoy[m, r 


rf - r f Coy[a x g\ H-h a^A, r 


rf + /3lr/7l + • • • + PkvPK, 
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-K^ fa r ,in in (13) 0f^JJCo &Z, MiiH irT^ ^ = 

— 



-fj,i/rfVax[gi], i = 1,..., K, m = E[m\ + a x g x H-b a K g K fih\L „ □ 

^ 315 . 3 ^ 01 , 

apt hm ( 8 )-(i 2 ), 




- r f = Y1 Pr d f k E ([fk\ - Tf), j = 1 , 2 ,.... 


fc = l 


& MW h B I. U’llW //a- l;<jK»(J/h J'BM -£$t£ /l ./V 0. PPM &f 

” , r e /?, 


W r j BM^jt iii 




r j * 




r e i?i riiALo , 3% fJ 4- 9k = fk- E[f k ], IP A Var[g fc ] = Var[/fc], HH 
Aj'-AfffnJ r A/ Co v[r,g k \ = Cov[r,/ fc ]. itljil'.nJ flj, 


£ 


r 


K 

rf = Pkr(E[f k ] - r f ), f3 ir = Cov[g h r]/Va%]. 

fc=l 


B I . ifil t'^J AIBiUllllBB, spf# 


Hi = —air /Var[< 7 t] = £3[A] - 77 , i = 1 , 2 ,..., Jl. 


Hitk, I.IdS :“apt r-ftiAC’AlA M-IIB J'B A H«.«W f- 


m = 


1 | y (r, -£[/<])(/<-£[/<]) 

r i r / Var [/*] 


Pj I'OiJ 1.14/iif/l AjI pB) = £[mi], icf Jl£BP#IlJ 


p(x) = £3[m]£3[x] + Cov[x,m = 


£ 


a: 


A' 


r f 


+ XX r / _ ^ [/*])#*/*’ 


2=1 



Covpr, f j 
Var [fi] 
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5.3 Ross A SI A 4fe ikj APT Sifeyi.Jp , S '/v X.^iu' Black Scholes 


MUfeifrMikMlim, A1978 ^ [14] a 

Hitk, A«AA47*AAMAsii 

lEbn, Ross^t^wi^ 

ama as«: # 

7 AA717 fAfi'i. A f, ArTHA# 



alaa, BjcA^aaA^taA^TEWa^^Aif^sii. m-mm 


a#ia, Rmm 


AA^rtaAMAi#^ 


(i#®, &mm®o m«is* 

M 4fckP ft —\'\ A A i^ M 4ft A A W A A, A A A, fSI® S 47 4t» Modigliani- 
Miller@i£, AJD4A44N k4li3ASSf]S^#ik:^AW^(U^aik:c ” 

&J te A4frS*Affl£&^A^&-£«2&JW&^£ffl: i"iAAA 

AS* A4MASAA ain#A4EainW4iMM4k: fi'iAAAH^AA 
AKAf^AKAfiL; Afc^ ft, AAAnTtkAAWPSW S' 

M# ^ AHo A#, A A A A A 5 

-am^smca-a s mfammmm%o am 

AAA R A A PS A -lie A 41A A A A A 4H PJt A A M m A itt A A A A A A 

AAA Arrow |P Debreu A 4tk if] W 47 * 7j ^ ft 47 4ft If fl §4 (A A A A 414 

liA AA#W4iMA, AIAH7A AMHA ImPjM AhA«/r47A 

Id] W A to o A jib Arrow-Debreu ®f[ oJ‘ ffl 41A A A hr A |uj A S KJ A A A 4! 

AAWA^W-MM^^»aA:4traAAklAAWA4AttAo A A 
ftj»=ra&WW££tt, 4fiAAMAASIiA4J5i7jAfiA'l7AMo AA 
A, ffiAAWAM, ArjWAAmSffiAA^^-AAllA^A^ 
?IA7-#AAA44HtlAffi#, 4AM#-#*AH&3 PrT^3;A 


AM® A 7 WixlPAo 


Ao AMAMAMATim, 

A- 77A vaA Av. M A AX ^ 777 






•4AMAAAi]jJA SP 



AMSAift # ftj A fk AAA/r M AJ 7] A A H A $j A 41/. A A Sp * , 

Arrow-Debreu 7] faWffl % % £M 474ftA JCU ©A 7 Mtil AiA . - 

A0T1! “ Arrow Debreu ilE # ” o AS A A , A' IHIfc A—A S 1^1$ 

fp]AW A47|d]mo AffHtAU/i: kl'-liCA KA D MH^AJR o (HjA 

AH Ac 7j — AAAriS “ A Arfcili (contingent market)” (JSA'Jt® [12]), 
iA“AAHAA4|f (contingent claim market)” (JEMAl [2], A AH4]'] A 

41 f'ii ) i J A Jii -tAiA HM-MJlkr A AH A A fsj ” 41 4 




® A A tu 4A A IP W A- ffl m ® ASH, AfJAAAAA- 'AAAAAfi 


Mt£AL AAiftMAAAHAffi 

nm) a m5iaaa^aa s #h&maw 
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A ft/'HR3 Knight |'|<J;+. A A , ffi Arrow-Debreu Jin M fk ‘St 33 7 Knight 


2 


F. H. Knight (1885-1972), #1 ft &?. PJ 1% f&A WMA 
# S A “ M Pi (risk) ”, Jo # H # A “ A $j >£ '|4 (uncertainty) ” „ S M Jo A 

in 'xi 

mnt, mm±, i±. 

HMWAAMW* «ain#IAH*RWS#Htim, 3PA# 

- -R (am) aiwi, ii-k 

R A i3j A 5 S' 

±W«0NW3IJ*. 5 Jl 

Ai£, M&7W£$[^a>£« ia H 

mu^mmo mmw®- 

a{nTffl(Hji3^#^AS#(Hj3S^Affi0J^AA^SAA3S: A 
R l!-J A A 7J fix & A 13 7A13M AiRKHMlA HRAbmffi- 
ft#13#I«Jlf ATtA iRifi/i: I. iiAx.J s = 2 





A*, -fic if J A A Jii • A 1 i) j # “ A A U & A |i >J 


m” . At 1 [ mirKjfAAAh, mmufcMmMsmfam^WBL 3 . a;a t 
M :x s *|t 7:iniftHA3jl3*MW .S' fM 11 A a 

CUM Xi i #ffi# AAHHHA AMflAA^A s i^'irHm. 

Xi = (x],x*,...,x?) G R s , 1C'I' I'.fc S = 1,2, ... ,S RR ATh A , ifo^f 

H, 'tffJA A A - #37^03 3jffi#13*R lABmH ^-AixSP3A 

IAo S®ffi#WAAlA^WAARjf(Kj'BA/AA at = ( Xl ,...,x K ) r , la 


^'BAlAA^^A-KxS' Hfr A A o A" A M M % j£13 ££ P$ (payoff matrix) 


Rv a — 
n 


e = (e u ...,e K ) MixKWtfcW, bpim 


a -tKAlriMim, la 


In 0 l j x #j m 1/K 


0 • AT — “I - * * * ~\~ 0k%k £= 


5 


(3xfK]M), U^m -faH/iHA s 1RIIA Kill 

tnWWHEo ittHh BAiiii 3B A1317 ISlft 1M £nAfi/ e^AA13b1 

p, la A p:M 5 - r fvl- A 5 #:$| 1 ]±MIk IliUi^i ^ # 




A l:H # I '■ I’i-J fl'l p(xi), i = 1 , 2 ,... ,/i, |J. H filii A 




AAlXAAiR M = m s % s m$|B], AC 
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k x = { Xl ,..., x k ) t ^ 
MM, M X, = (x},xl ...,xf)e M s , ffiJMat p iltt.A.ii K ft®# 

±WaE#: p(X) = (p( Xl ),p(x 2 ),...,p(xs)) T . 

(r s ,x,p(x)). 


(r s ,x iP (x)) 



*M\±XX&MAsl, Pp p A-X M =R S 

ft •f / fe / H£3.& 0 = (6>i,..., 0 K ), S it 


i) jth, 


p(6* • A") = p( 6 1 X 1 H-h 9 k x k ) = 9\p(x\) H-b 9 K p(x K )- 

2 . pft^ftft|rftftft;i.^ = 0-A: gp^*^y = 0 .xe 

M 5 y > 0, ^ A p(j/) > 0. ilJ. y > 0 y $ , 4f JL 


;ii'J; apxd* k Min, Hi#i£#Wft 

> o, hu0H& p(xt) t&M til^f f o 

ARft MOrTISM** 

«j/i; I-. 

#, emu, e*n, m%%®ifrmM&f&aSo,m 

H 1. ftftftyffmftMftft# a < 1 < b. K > 2 ft, 

XJ'JS* Ross £ 1978 


£il 5.4 (M s ,X,p(X)) 

•#-^t. 5 Ai,..., A s > 0, ft# 


p(xj) = Aix, 1 H-b A 5 a:f, i = 1,..., K. 


(14) 


(r s ,x, p (x)) 

xxx^m 1 ## 









'ij xi = l = (l, l,..., l) ft, £p H p(xi) = 

p(l) = 1 /r f > 0, MX l/r f = Y,s=i As- X Ps = A. s r/, s = l,...,^. Jft 

S' -ill -zzzr -zrr i\ I ^ /X- A*r =CX JIx 1 * / • I- -^fr m- >lU A/-, -ktnr g- -j-^- 


T,s=iPs = !• iAW> p 5 ^ 

(14) 





p{ x i)rf = pix\ H-b ps^f, i = 0,1,..., K. 
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£il 5.4’ 1 ItH X! = 1 = 

(1,1,...,1), p(xi) = p(l) = 1/B > 0. %$'A (R s ,X,p(X)) 

A Mu #10flMHHMAAlt*'i>1, it#^-it A A« 
A Xj jRji.#- {xi/p{xi)) -flLJxUMOA r /- 






XJ>> 









0 -x > 0, iPA 



A l& 'V.« U I A y = 


K 


K S 


p(° ■ x ) = Y1 m^) = X] 5Z 


T S 


2=0 


2=0 5 = 1 


5 




EME 0 


i®i 


5 = 1 


2=0 


SfMA,> 0 , W/P'Xi Mili, „r 

miAMiA sp±^»jfi«:£o 

A'I'M* 

xtjik, &s 

w®fi 


f J y a'i Xc 







4! I A IP Al?H AOt |§ Arrow-Debreu iil:#4HA> IP A /£ lip |bj H $J 





5.4 lie f J iA . I ‘ M m A lx 50 Arrow-Debreu ilE # 10 Of; ^ o J fci If] lO A 

K 5 ^MlAlOsA lAftMA#, 

iO(IE)li, 3P A7;XI i I:K 10 M rO H fi'i Ui;itA A IflM 3A170 A lift 7# 

Hi , bj: • I 1 !'?>J M ll IB10 is A f0 /£ iA '/A MO HP 7' A /I: M Ur Arrow-Debreu 
ill' # A 7. ifi f0 /£ iA '/A WJ o OM/nJ g ij£, X'J bf ■# Arrow-Debreu ill' # HP 

IEliMlAaiM^yil£A»0#Ii&; W#IAASAOir&MlA® 

I^^aeIA Arrow-Debreu iE # IE Hi o JHiA#7]Af3fclEiAHB aE1A 

SMiAAMtir®:, iiammie 

iAS^S^ffiOOflED l!J7l0il'A,"iA4>ArAiOIAA, A-A A A 

HAS,infl aE 36Affi#DfcH Arrow-Debreu ffi#0TA1ASW 0 AAiijAA/A 

li MA (7 m £ 17 M/A iE 





. • $£ lO Vi r A 1A V< A A M Jl MM- 

Ac 7i Ih ffi A ill' # £R. IP Arrow-Debreu iil : #ib. A fuj llj Ok A a iA ^M A (7 ffi 
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A/k, 0jib, 36 A iE#iS. 1 1 1 PEA ♦f l''J mI Ui 4E4 JiJAff J EBEIA U /k ■, Jx 
a^ja -a, 5E^ji^[^mSf0]WSo AASAiE 

# M A) J$ (4 m S fa] l4j 31, If> A Arrow-Debreu iE # 41 4’ lEJ Ei ^ A (4 IS Ai 

A&ffittAT, ^AAiE* 
AAMM$c#3£MAo AMWAm4ArtEiT (##tEfflfHjlI 

3i): i:ll J 'PJf A Arrow-Debreu iE#lEEfiEA3Ef43!AiE# fAlB iE, M 
X] J ‘ Arrow-Debreu tE # ife A i&, A A 4 ifx Eb li A iE J '- A iE §§ AX] Ef A 
Arrow-Debreu A#4X 11 ’ fl'l. o H4b, ft A aE iE $ A A 3 1& A o SfiiEE 
Xf f!'111, aeS 5.4 4' W A,; UtEHA 4" Arrow-Debreu ill' # fill 14 <> H4b, 







u 



/J\ 


A # 



B 


yfvtefi 



Srfr lAT 

— t~ Vyl o 


7 E 7 E 




a s m i 3 



A f[ 
nmiij a ae 



a a ii'ji''jM aiima^>j<o AfflftMSfMiEAffiBA^iE, nm 

xe, mn^m-i k ^ s, a 

iKMA, &#fl4tiE4^A44bJ£IE£AfHjo ISEb, 



f4AtE4A (lr> MU' EiftiE#) IMfflSAiE# (B 
MA) 4:MEJ (A$AiE#MA)o 

3P A A 7 UA T]J 3i) 64 H a aE iE$ A A if tb iEffli4 Arrow-Debreu ill' # 

AiEM? AMtJPA4«#i£il, III J'AAE 

#[3:B:A«JtA£l4, f^1Afl4M4D&#W •J'bEiM/r/iio 4JIJ 

Arrow-Debreu iE # A iE l]4 ft A A iE 31A A @ A A 3E 4' tf 64 o A Al‘ > 
mn K Ale A 2b AiE #ife 4 1 I'l lill I . IV [ ■ Arrow-Debreu iE #, if]f A jp 
wat*iE#iiE^^7u4?TU^BP4'o 

si4wa, mrxfeM 

[3 m in 1^) iE 3£ o E] E| T]j 3|) E> TO ff't , ic li] ^ lE 4ic ^!] — ^ Arrow-Debreu 

tE #, j'li fu 'E lEl 4; Ei 3# iE ^ E] m 4 & M # ^ 4 1 lEj 40 EE |bj ElErfEtl 

fi: e)<„ mjjh : ^A<m, w'A&^umn, 

A4r :: h Arrow-Debreu iE#, 
iE # Til 7 C & iE o |nj ieE A J ‘ A f n i Ej A A 0r tip A Ej Arrow-Debreu iE # aE 

iE, iE#A*4iJig'SiEi^#lAo EEliN, &mm^^\rnim^^ 

IEW; AMiJA«4iJfi'Sa^?E«#o ifijE^#4'lEEiifi4IEiE? 3^ 

mu, $p^- 

Aiii AA'IbiEMl'i t AKI^iii'#, ElE] AfTiE^ e 

13=0 Ej, # jjR A~ ft Arrow-Debreu tE 

(KPAMi'I'AAiE^AEJA o A l) 04, AlEAri'JlE^MiE/i: o A l A 

14o ^WiJEAiEWASAiPI^o AIArjE, 4'lE^tb, A JEbAAAA 

li‘J Ai A l'\[ # t,b-, A, if J 4 a X'J A if] tip A A A iE A A iE l4 Arrow-Debreu 



te 1, Ifu A A iE 1.4 lii 


EAAE l, IPAAEPainbtmBM 
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im, itmn^±ito (MT-m), m 

&ft m x o 


5.5 Jfe/b-flc f] M j|] Arrow-Debreu l:H # A; A Bfj } fc f' : >ii fft 36 A- /ii’ @ «. 

iath^ tfi^mnmwk^ (m s w,pP0) 

1 . UUi]jUfijU: jAM 

uNimu 

MMSi'bJM, H-'ftkH'iI'-J 

Arrow-Debreu ilE 




A IB' Tr A M A A ift fft {•'•/) I'J JA -5' ffu |i'ij !,i; 
M -f ik% k = s, un x 1 ,x 2 ,..., x s uut 



gitim (#: •) mms. 


Abo 



ei = (0,..., 0, , 0,..., 0), i = 1, 2,..., S'; 

i 'f- 



bp 


e* = a]xi + afx 2 H - b afx s , i = 1, 2,..., S. 


(15) 


mu s 


>IM i 





X 


= x\ei + xfe 2 H-b xfe s , i = 1, 2,..., S'. 


(16) 




AiUUfl 1 ^, il! (15) mH;|;, e, ^ /A;) nj ili { Xj } ||<J 

"'l fjij jft $ { l>(xj)} A 0S X , BP 

p(et) = A i = a]p(x i) + a 2 iP (x 2 ) H-b afp(x s ), i = l,2,...,S. 

y\ \u'i\ux:imi\m»i?h iff a, > oMaemn, 


p(xi) = UpAiHAAUA- \-xfp(e s ) = \ixl+X 2 x 2 -\ -bAsxf , i = 1 , 2 ,..., 







o 


2 . f'UuruUjMJiu 

||'J P’.'A'fiiJl'Kj 11, A W fl &' 16 A ffi A M A Ift A N < S, UJL x u x 2 ,.. .,x N 
m&tt. /AM, A {Xi} {p(xi)} AT UMMMA 

jA,W n i %SIM x N 0f(if-) teUo ifnAJ■■ lAAMffi# 

^AteAN AU y e Xat, UffJAUT 'MU'PPAU 

ill if Pat: Xjv -»• K, M UM J ‘ fAf n J y = 9 t x 1 H-b 0 jvZjv, AT 


Pjv(p) = Ap(^i) H-f- 9 N p(x N ). 
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aw mm « y > o, jay PN ( y ) > o. aa, a# 

fr\I y iilW r] fjbW -Xjv WWW 5'J ° ) 

SAP AA f3liXa A(< -S') W R|uj, Arrow-Debreu 

ffilMi e„ 'BWWW e° = a 

IF. it, up a > 0. jeX X n+1 = {y + aej y G X N , a G M}. A + 1 

WWf"), ^±WWWMpiv + i nTM^/ 


Vy G X N , a G M, pjv+i ( 2 / + ae.,-) = pRy) + aa. 


mwaaMMS a > o, jf-femuvt 

B yp W a B M ffx '&. , HPW IJbftvill' y + aej >0Bt, ff p/v+i(y + ae 3 ) > 0. 

Jtft, = WWH, IpaWBifrWW 

a r ^ a a m a wn a iuj, li m^mmifm)o 

«±, xi j-RM y g x N , mnti 



y > 0, 
y A 0. 


RRRR/bWWWfPRWRR RiiRIR R 

WRWHW s WRpij'hRi’ ^Rfi'iFiqR \';:R-:s §p p : 


Vx G M 5 , R(x) 


0, x > 0, 

—00 x A 0. 




Vy g AB, y A 0, pRy) >V{y). 

R«Lil : , MF$fW 

Vx, y G M 5 , R(x + y) ^ V{x) + V (y), 

VA ^ 0, V (Ax) = AlRx). 

v W®WMR AAMWW 

{fW y, * e x Nl $1 s g R s , f 

Pn(p ) -Pn(z) =p N (y- z) ~^V(y - z) ^V(y+ x) + V{-z-x), 



-V(-z - x) - pjvR) ^ R(y + x) - p N (y )• 
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c= inf (-Vi-z-e,)) 

ZkzSLjsf 


p N (z)) > sup (V(y + e-j) 


Pn{v )) = b, 


nm 






max(—pjv(y)) 

y G Abv 

y - 7 > -l, y* > o, i E j. 




mm(-p N (z)) 
z G A/v 

^ — 1, ^ 0, i 7^ j. 



IUS. Pw(y) = Pn(z) = -6 = -c. ffi^l±l±5tRX^P, 

y l — z l ^ 0, i = 1,2,... ,5; y^z. 


3A IX • “i y - 2 > 0 ifj t XX Rltno nffj y7v(y - z) = 0. lie ‘ j AifXl'Jfjy 
Hitfc, o b. 

(6,c) « e (6,c), MlJ a > 0. M Xj 

ffl, MTU® y e X jV , a ^ 0, III a |'|ijfii XX, ainw 

- v {-\-E " PN »(l + E =p »0 + a>v (i + E ■ 


'&Mm v rT!U 


tix is. ax > 


yw+i(y + ae,-) > D(y + aej). 

jbJX/A '1 y + ae-j > 0 Hf, yjv+i(y + aej) >0. XX Arrow-Debreu \]E 

# ej ixj & nr a 

ffl N # fill Ej '/£ jj| IA Arrow-Debreu iil : # 0 — jX ilj H fjfcr"^ ^ M W aE ift -> 
□ 
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5.6 

&m c mtmmm 

xmmxmm . mn 

mi ft^m&iamr&o mat, mmat&mmmmo 


io* 


tt R s+1 s mn&Miftfeffim 

m XXMMX 



Z e M 5+1 


2 = {zq,Z U . . 


S 

z s ) > o, y^ z a 

5—0 



5 


(&Ak^ll!jtfMtAj#W Arrow-Debreu uE # 1 •; A A'(/[' fl*l A 

A 1 tf}vE$?±WF) 3^—H^ ,r l :| Wffi 


V ^ 


iriAH 






>K PI 


L = {ye M 5+1 | y = (-9 ■ x°, 9 ■ x\ ... , 9 ■ x s ), 9 6 M A ' +1 } 

SM ^ = (#, • • • ,x s K ) T , s = 1,... ,S, x° = (p(xi),... ,p(x K )) T . (L 0k l it 

x omw±xxs 

Mx&xmnm, wxm 

M - L miMo ;AM#/± 1-1 = i//n.//;.-//>) G M s+1 i'l!HI 


Vy e L,Vze M, (//, z) > (//, y); 

u&tL% fo±MR s+i 

usmxmmx, x-xm, fif 

P lA # “ ^ m IlfE^AA A JE > 

Hitt, 

V# e M A , (0, —pox 0 + yttio; 1 + • • • + nsx s ) = 0, 



p 0 x 


0 


+ Pix 1 H-/i 5 a; 


s 





yU s /yU 0 , jAiAALt 1 ] X 



(p(xi), ■ ■ ■ ,p(x K )) T , Bp# (14) 







A Hi ' o 

xtksmx^m, wxwxtL 
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*tij;a*i a,.a,.a, ^mun (i5) *#o & 

4' mi mm, mu -iff 


kwmkm, JAmtmM^^mimmmmMSto m-mm, ( 15 ) 

&n^, aun (**) 

fel 'li (15) m A, M'k L ^WWMWII • t^ i«i:5t-:t:!lUnliii.v t7> 
If^So Hltk, |Mj HSW /. W fl Ik V u i'A i I! H-J| ill'll W S t y y> iti; )!t|'/j; 
£« Hitt, 


M 5 = { z e M s 1 2 = (6 ■ X 1 ,..., e • X s ), 6 e R k+1 }. 


K+l>S Ht^RrtlilJ£ «S##-£$t£), 5M (15) 
^^|S(MtlK s ‘I' U<i l‘«J mI ( hk <(7. ‘Vitll i)j k» W ill )\i A: {} , fcinjm 

-w 0 ■'1 k < s in-, lij^ -^^wu^Wo tensuM 

Hitt, As^TiJ^wm^K^-^aitm^o 

m Ross r± 

itk 1978 ^mm-tijc [ 14 ] 


mmi 





%\vEWW¥^m$AmMo 

ciark wi^ [2]« % 

ft - m m % w r«i ® i» # # b m w at m * 


M lit f- m 


^-ie^teUm mibert ^mmn 

t^^iEissm^M m^k d m, * * > 0 w 

'A ill p(x) E[mx\ > 0. «|||J, " | A '/A U a 'A N U U ^ ih PJt W .'V A W m 
WM^MMW Hilbert Sfsnft^fSlW, 3Mn^tBMKgtnjT 

iHf m ‘M^rfeiEmu^Mo 






5.7 

'jiaijia ja, 
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aE T)J iJHt ^ M 5 . IdjEkJ', jfl ^ TJT W K ft 




+ iiE 

= {xi. 

f \3] M 5 


..,X K ) T ; ^^mift$rM%) p(xi),...,p(x k ), &J| 

tWMito &mm ( R s ,x, P (x )) ±tf) 3 t 





v M. 



ii 




1- J& 




Asl, 
0 = (9 1 ,. 


P ?L —Ad = R S _t &■? J% 4413) It „ *f 


p(6* • A") = p(6>ixi H-h 9 k x k ) = 0 ip(xi) H-(- 0 K p(x K )- 


^r#7E5f±tTW^«^iif'S^r+ME5ijo 

TO 


3c^ ^ BUf/Mt, tillieini£, #.I'PJff ffl i4i 




^• ''ii'jijf/rfiUii^ ^ S' 



'U 


:R S + +1 





ts#tt&TW*5le0KiE. + 

bp m* +i 

ainfi^T^jfi^jt^: 


> ij£, lie fk - 


& 

1) n:If 1 ^ R £ Rf 1 

2) u 6f?, -f / fAl' 5 T X, x' G M+ +1 , 

a; > x\ # A ■u(a;) > ada/). 


m&Mmzm&o &mz> 

a;' x x ’ |'PjfflkY f > m, jkJL x ^ x’. 

bp&-£ 

mmWiXo immmmm^Xo & 

- - |nj 1 -j 'k • • Wt 4 1 iff i'f ife W Markowitz |i 'J ig! '*'| M if; M J' |"J ‘ fi M fPj •> {i 

. ^'P-.WiJUfi 

S fe o \>x jp , S, if] # IE Markowitz jnj (g! j& A 32; # (ft fg ^« 

mmi-%m 

l (endowment), Bp fftlii ft'/h IP ill S + 1 ffP [ft it': u (caftu; 1 ) e M+ +1 , 


in Markowitz |VjJ jg! eft ftf ift;ja|P Jx( ^plf ^ g ^ jjfe 
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ff 



V 



e 




z () = ui° — 9 iXi — • • • — 9 k x° k ^ 0 
z s = u s + 9 ix\ + • • • + 9 k x s k ^ 0 

5 1 j ^ S • 



Z° = u° - 9 -x° ^ 0 
z 1 = u 1 + 9 ■ x 1 ^ 0 























Jo- 




J/ 




7E JB 













A1Z 







2 e Mj +1 


2; 0 = uj° — 0 • x° 
z 1 = u 1 + 9 ■ x 1 
9 £ R K . 



7 








J max u(z) 

1 s.t. z £ B(u] x°, a: 1 ) 




'l; (m s ,x, p (x)) ±wve»j#ii& 2 

Wo 


5.5 (17) 

?'J (R s ,X,p(X)) &sl: y = 9- 

y = 9-X £ M 5 MJLy > 0, #p & p(y) > 0. 

y > 0 y , Af JLJ .•}'% — ^^ SL „ 

iM (17) fiM z* = (2* 0 ; z* 1 ) £ B(oj, x°, x 1 ), ifij Ail^iJ 

i?m 2 7pm n, i'ii {id.fw. n 9 £ r k+i itn 

v° = —9iXi — ■ ■ ■ — 9 kx° k ^ 0 
v s = 9\x\ + • • • + 9kx s k ^ 0 

s = 1,..., S, JL (i>°, v 1 ,..., v s ) 7 ^ 0. 

/1 Vi: J Ji^'l 1 . U- £nfi [ft 

iff o 
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V<; ~H 



ft Mil z*+v = (z*° + v°; z* 1 +V* 1 , ..., z* s + v* s ) G B(u] x°, x 1 ), z* +v > z*. 
Hitt;, u(z* + v) >u(z*). ft z* (17) o ((A±WiiE B iHJiW 

&Z, M (R s ,x,p(x)) 2 f&iL, 

5.4, ft ft A,.A.s X). itn 

p{xi ) = x® = \±x] H-h A sxf, i = l,...,K. 

ft iflj Xfti'ftM £ e .Bftjaftz 1 ) # 

2; 0 + Aift + • • • + A sz s = eft + Aitft + • • ■ + Astft = fl 




^ (17) tM- z* e -Bft; aft x 1 ), ftiL ^ 


lYik v, ft# 


du(z*) 

dz° 


= u: 


du(z*) 

dz s 


= vX s , s = 1,..., S: 


-Jtft A s ,s = l,...,S,|.5 (?P Arrow Debreu i£ 


J max u(z) 

1 s.t. z° — eft + Aftft — a; 1 ) + • • • + A s (^ s — eft) = 0 
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m^o mrntiU 

^ Z* |'!<J^ J'7, MM'I#2^0, S = 0,1,... ) S, WUr 

#7^eH 77I° ISJftf, ill J - i'|J J^j !ti- v\£ i v l^i. TfAHiTT 

z 1 — u 1 = (z 1 — U) 1 , ..., z s — u s ), 

e\ im 

9 Z -x 1 =z 1 -u 1 . 


0 sit, )'< J- o H'J^J 5R L!i 77!'7IIJ c 32; # , M IS Lagrange 
Lagrange fH f % v, JP-7 z* til fk lit Lagrange |< 



=f&, & 



u(z) — u[z° — ujq + Ai(V — u 1 ) +-b A s{z s — u s ) 


iiSJJITcitWIfo ill il- ft- 7 


EL 


p/r m -s 



/i: ^ 





B.m&oeR K ,'imo-x i = z i ^u J i . %-tm, bp^ii^ 
w®l, i< 'i 1 -.h'j i' jLMjfiis^So 

• >ii i f V > o. 32; fr't, “ 3& IS ' 






O 




rfeftUH1141g® u:R b + +1 - M x\x 2 G 

+ +1 TSUrTT A G (0,1), u(( 1 — Ala; 1 + Ax 2 ) > minjwlx 1 ), u(x 2 )}. 






a in ^—7 m #. m % p* m mi=f * $ hi 







'jf 



=L H'J 17# 4l4M7# 

7a] i 62 100 30 

751 B 56 40 90 
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4 v 5l A 10 10 12 

/> 5 ) B 8 12 6 



mm, a %n&%, e 



EE 





ytv 


h^t, £n ^ A: H f'JIPxi&f&jx:, rT^Iae, /AM It 


t^ift^i+ic'JW“^ biM/MIE ” aeH/N #$±, i-ii 


lOOpi + 30p 2 = 62 

40pi + 90j9 2 = 56 

^mnwi^tsim^m ^pi = 0 . 5 , P2 = oa. &#, 

jjfa {('}'& Mil (NPV, Net Present Value) % 

NPV a = 10 pi + 12p 2 - 10 = 10 • 0.5 + 12 • 0.4 - 10 = -0.2, 
NPV b = 12pi + 6p 2 - 8 = 12 • 0.5 + 6 • 0.4 - 8 = 0.4. 


0 Jft, )k fa m 5t [Al B 


fa R 



i> 


SI, i^lAiigWI: 



fa fa E, m m ^ 

a^w») *it#w, inj itini h :ii A: i:m ftv & '.;*;11 w-i a fa fa fa t it 

Wo 



ft m ip, m “ -m kmmm”mfa ## Ross w apt. mm w 

fti:i ; MJM 1982 V G. Huberman RfiP|'!<j7 R ft £ [8]) Hi 

If]4SMlUlif Jarrow [10] 4e4HB&#ATvAo nJ^E Huang-Litzenberger 

[7] ftp 104-108 j/trplpiljo Duffie [4], [5] |P Ingersoll [9] fPJiflJ Huberman [8], (0 

tmkkmmmmo mutmskm'si p, mm“mmfamnm 

®M I.MM1MMM Cochrane [2] MMM «M 


;AV;1A PSPiir 


7ItUl !PI'. I'k A ft 4' ill APT iMi tf., - 

iwii, mmm ip, 

“ V 0>J ft W " . n Ross apt |p;!f;, p;ih!<j% i! n; A f\ 1]'iOJ fa li<j 

«S f Mfa »# 14 Ml 1 H<J “ 9. ft Um” o 

apt 

w r a -it fi<j in m o fa m^ s ip m mn m a m w m & a t , epj a ip pm mfa ft j 1 

(SPMUfMM) iM. 5.3 
MHcfJ##7 Cochrane [2] 

7 ft AM ft;/HP HM A A. UP ft 'A - t M ffi „ kftrkVrffikvtkmk, fjiM )M' 
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n -a m 14 X # it Mil Jj!c a £, IDt M X # H S $ 


111 <tlI-#111 /li “ Hi ‘} rt'i' ”' I' I'll II • Modigliani-Miller 1958 X 

m*# mm it him.. Mimin# a«dI'. xsMMMffl Duffie [4], 

Ingersoll [9] MMX, MtE«A!Jimg^*M#SA!]im (####-«, 

«##*#) (am#*#, A A#a II M M A. « 

mit mtmw&m*? Janow [ 10 ] mmmmm 

x, MMit# “x#air’M^, xHMXBi6}em#$A!mmi£#, 
m&j - mutmt * 

Ir^ftSAXSMMMtiXffiM Ross 1976 <| X R$A'JX#lIi6M 
*3Wft[13] *, M#M® MfflMXM i.ja 

tft XX # il AXIS XJI i i i'll (\\ Ross 1978 •! '# AM [14] #„ 1979 X Harrison |P Kreps 

[6] 3Ue&«ssm£S5.4’ j\mmmmm° 

MKr eps [n] 

X •]!': X X X # V- A X S Hi /' 31 -• M B • £ !(• £ A A # X *ilXIt 111 X H. Mtit B , 

ii m x ve m m zXtt # m x a a m & n x s. # & r m irj * $ m x a mm. n ai ± 

MM#Miff4AHHffi£WH'J 'R X 31 A£lit9!, MIX$X, fal#MS#®*J 11 i 
M #yifflUMfiR*«o iAm«*MXo -RffiAf/rwa I'l Aii!. x 
MS- 

3MI ll-J % A iii- "ij 'A X I. Ai- g ft 7 ) ! Ji ill Hahn-Banach Xif M iiF® , *n0TMlXlJ, 

£ XS M £Ail£^5XJffi##M. 4 j X aM £ M XiM111iRRT##-iM8fc ^&M 

s tern & ft fir u ® w mm £. 

Duffie [5]M£X# X AXMai mXiXXM f XM , if##XMJS 1 #. 
Ingersoll [9] M^i 2 # til tc it\ * ‘ ' iA M # A1 o Huang-Lizenberger [7] M {} X i-j Ai (l 

m s m, * a a * tf m h- ja™ [ 10 ] a 

:,<;■ M m a m m m m irstSA x: is.. 

# i• X Ar * : V- AX JS M 11 ;A ffi A #B f i li-1 Y, (A Xllf “ X X A K. SE 

-iDt -x#”, MLAXJiiHxnAi ;r|'. iuj Duffie [5] mm 

(AJIXiAX J Magill-Quinzii [12] „ li XH' ® # A # AJ d'i D 4'fi I X ## ## % 

mm, 


x umAJumm. R" a aha a# ?< m it # AiJiixA 


® 1m M R'l ( # fi Copeland-Weston [3], 126 #, XlAXlAlfl 1A "J 
XlllfK f o 


iJMM 
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/li>' 






i. 
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Wfll? 
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# Hi W apt 
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5 . mmurve 

wxxfttxxs? 

e. «X7imiitaT, 'Zfcmr-ftMW&mg 

A: M X # # jA At I'A? 

7. ff*X nf |$ Arrow-Debreu ill'#? ttt# c f' WS# Wffi#? #ft* 

A^lii&MiiE#? XtfJfiftX#####? 

8. %ji; t 7JK#iMttM, H'l'frrX’A “ X X ” > “ Ju X ” 

HXBit M o XA A f HJ] x, MXXJtXtHjfi 

M tXAXrinX, JuAcMt&WMA^o /AM, /AX A A'in 

X, in A"J iilHi 1^-11-lieXffMHurXi.iX 
WfAt^^AjXW^X^tfilAAt AUA WAAcaeHX? SBf. M A X f i 
X A ii # # f n f$ iX A ii # T7T ill A X A TTT ig ? ft X X f# 36 X X M M 
XXtTAiX? ^XXXMX 

XAj^JXXtAlAXflttXAjXXXfAUXXS^Wo 






[1] Clark, S. A., 2000, Abitrage approximation theory, Journal of Mathe¬ 

matical Economics , 33: 167-181. 

[2] Cochrane, J. H., 2001, Asset Pricing, Princeton University Press, Prince¬ 

ton, N. J.. 

[3] Coperand, T. E., and J. F. Weston, 1988, Financial Theory and Corpo¬ 

rate Policy, Addison-Wesley. 

[4] Duffie, D., 1988, Security Markets: Stochastic Models, Academic Press, 

Boston. 


130 



[5] Duffie, D., 1997, Dynamic Asset Pricing Theory, Second ed., Princeton 

University Press, Princeton, N.J.. 

[6] Harrison, J. M., and D. M. Kreps, 1979, Martingales and arbitrage in 

multiperiod securities market, Journal of Economic Theory , 20: 318— 
408. 

[7] Huang, Chi-fu & R. H. Litzenberger, 1988, Foundations for Financial 

Economics, Prentice-Hall, Englewood Cliffs, N. J.. 

[8] Huberman, G., 1982, A simple approach to Arbitrage Pricing Theory, 

Journal of Economic Theory , 28: 183-191. 

[9] Ingersoll, J. E. Jr., 1987, Theory of Financial Decision Making, Rowman 

& Littlefield Publishers, Maryland. 

[10] Jarrow, R. A., 1988, Finance Theory, Prentice-Hall, Englewood Cliffs, 
N. J.. 

[11] Kreps, D. M., 1981, Arbitrage and equilibrium in economics with in¬ 
finitely many commodities, Journal of Mathematical Economics , 8: 15- 
35. 

[12] Magill, M. & M. Quinzii, 1997, Theory of Incomplete Markets, Vol. 1, 
MIT Press, Cambridge, Massachusetts. 

[13] Ross, S. A., 1976, The arbitrage theory of capital asset pricing, Journal 
of Economic Theory , 13: 341-360. 

[14] Ross, S. A., 1978, A simple approach to the valuation of risky streams, 
Journal of Business, 51: 453-475. 


mm-. 3 

l"lmVN a 'I 1 MIT A 

Vx, y 6 4,VA 6 [0,1], (1 — \)x + A y E A. 

A f] Iliibert X 


131 



Sikh, t,KIf ilii II fh 'M I. n<jf #, Mj 

H — {x G X | (/U, x — xq ) = 0} = {a; G X | (yU, x) = a}, 
x 0 &H >h!’J n = (fi,x Q ). M 3 f ffi H X ft 

%} TO ^ f - £ I Uj: 

H + = {i£ A" | (yu, x) ^ a}, 


H_ = {x G I (/i, x) ^ a}. 




JO* 




fgj^o M AmB W'Aftmfr 





iMM111. {H\. f A" 'I'fi'jii'ij it'. //. iiff 

Vx G A,Vy G B , (//, a) ^ (/x, j/), 


Jt 





Vx G A, \/y G B, (fi,x — y) ^ 0 




U 



III J' A' .1 
i*& ,4 II I B 


Wz G (A — B), (yu,z) ^ 0. 

- B Ik^TOlfe, M A Xj B 0 ^/l. K * , 

ntftmsmfr&mifrT o ^ km# 


aEJS 1 ^ 1 . /I c X ^ Tv & A 0 ^ « fi I, IPXf 

yUGX, !£.# 

Vz G K, (yU, z) > 0. 


i£0fl -% Hilbert £fS] &JlE£4Hi¥£S (HjiiETO M 

ill J-o 4'/i.lHJ,",II g K 'K i'i^o j'i] A'ZfiiJfi iIji'I'^o 

£3HB¥£s-#, "J^hi >-j k o y. A-^mnti 



Vz G K, 


z 




y 


fll. !Eill J ' K ttX'J HHfnJ 2 G it |P A G (0,1) lli fi (1-X)fi + Xz G 

K. 



VA G (0,1), Mz G K, ||(1 - A)yu + AHI 2 > || y 
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fi ^ -b 2A(/i, ^ — fi ) A 2 1|— fi ^ ^ fi 


ElitL 


{n,z- n) ^ -^\\z- n" 2 


A G (0,1) m 4 A - 0, BP# 


Vz G K, z) ^ ||yu|| 2 > 0. 


iitkBP#T^J^3S: 

aE-S 2 (Oft^rlj aEIS) A3p B ft Hilbert ^ I'b] A" ^ ^ $} 

#3.A-B &m$k, /iGl,ft# 

\/x £ A,\/y £ B (/i,a;) > {y,y). 
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7a von Neumann-Morgenstern li A3 3§ ifc 


TIf von Neumann-Morgenstern 5D3 M 'Ml. SI W\ ftW9.ft|?jis£ <. 

4' Wy'£ i {'J& K iH ik 4i |ViJ ,','ii <j I s : ;i';i .t ! f ! |? J |f Allais f|< if> III Kahneman- Tversky 9j£jf 
% o ft U Arrow-Pratt JA fi ft £ R£«£«X . M R A ft 9!M&ffl @ S 

il T/ Arrow-Pratt Jxl JA S5M = fy] A T'A l?U III. A ffiftlf^o 






• 6.1 “Mt§tsm6”WPH6. 

• 6.2 von Neumann-Morgenstern $JJ M 75t S3 B Hi ft & If. it Ml» 

• 6.3 Allais titfeiH Kahneman-Tversky 

• 6.4 Arrow-Pratt jxt lit JA 35 §t M« 


• 6.5 

• 6.6 



s. * 


ii # is rf 




tb£. mmNiTr-ii,, X&m* 
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»Mlio jaiaaj-a 





X >x 
ai Ol 










Hilbert /hU: tII' , m. 

Hi lij Markowitz ilE # iS 'n 31; # @ iiA II4: IIAil M IIP M it ^ 4/ 

'14 3e A JSU PR # it |W| PR m M o Ross PR apt ~}j A til A 31 >u 


0 



^ 4# ^ 1ST m PR il ife o JRtW 31 ® il ife * 3f ut ± a % ts m W 


it: U ^ 4 4] 

iU Hilbert $ fSJ It ^ ^ $3, # JS iX 4j >1 A: aE U M PR /E14 W H '14 /E14 $£ 

<lltAllr/XA4I m U A A 31 

Markowitz 19 it: JA A lit ju iE ill' 

PRM^ft^B*nPRai££, A ii A A I'H iil : ft %j if A A '' 

I^jA m 4< ; M Sharpe &<m«fflT 

a itM, 

% M ), iA rfp if Sl ^ ^ ^ A ^ il il M ^ -S * 0 ^ p<j * ^ m 

I SAAR. 


A” o 31 




AR hK A , ip A A i£ fk Markowitz 3? ife 31 7 E -J/ 
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6.i 

a • rr,'.^, aa, scraps 

n®m, eaa^mma-aman iAfi^+Awifi. 



0 


■m 7E rT W A ®T S a A tf- Mm „ AAAfl-MMIA m IB M A CJ 







SAitMi, iAfi’L (1A7-- 








ACIAA, te 



a-miham, AAtBAtimT, 

{SAMTA, Sf^fl^iE, 
M'iEMmo MIMmA#, K'J 









'!4‘A|b|«U;”JiJ 


Ati^iiMrAAM v:n\m, mmft, 

it”. 


Nicolaus Bernoulli (1687-1759) ASISHlil&'Jil 5(, M -Aifc W It3fi A A—‘ 
Jacob Bernoulli (1654-1705) AiaH A A 1713 ^ AitklAIH A H'IIoT'e A 
Pierre Remond de Monmort (1678-1719) $§ |i) ($ 0 |W] A-, JA—' A Hi li Mon- 
rnort A #, A il fP A A A A A o 25 A lk Jr , A H ?j£ Nicolaus Bernoulli A 
^J|A A AAAftAiMi4A4AlA± Daniel Bernoulli (1700-1782) A 1738 

AIAA MAAAM A A M“if li M # it ” M A t< „ 

$mm 1 

% 2 7C;H ASHA, A 2 AHA-, MA# 4 7U; 
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M 3 &2M, 8 7 t . MAf 

n — 1 n n imM, mrnnn 2 n a* fa fa 


fafaMfa 

5“ 99 7 





ft* 

0b 







“ A' 



bpt xfa^m^mxmfatfa 


& i/2. &#, fan i w«« 1/2, n i 

mfa^wfai/fa $pitk#^, -jt*= ifn-i&$ 


a w 








, ^ 2 Yx t 

n ' 







't- a i/ 2". Hitt, 











2 • - H- 2 2 • — + 2 3 • — 
2 + 2 2 + 2 3 


+ ••• + 2 


n 


l 


n 


+ 


= oo 


AA 



#8t#^fc££d>IS, ^militPAAfkWfiJifj 
II. Bp/*#®^ 

* ,.,„ 4V> 

A? 






A$cAA7-A“mf:”: MI A 



Sifc±ftJ“'A' 


Aim” - ^lAiiPAW-lrtAAMiSaHf 


mxm) ifAfiis, m% 


A A' AW 
0 


tr A fa IJ L W A iR I3 IS o 13 jfck, D. Bernoulli A 1738 A3f Hi ifj [3 7r C 


it# ah, faixfa, K^fa}m^\nmmtfafammmifam, m 

3miK)i- “ mmm ”achh 0 ftifmsuit aap*aaaah 

BP“itlilWM”AAAf#3JAA^ABb, MAfe 
A# AAAfiAo JHAIS^, MJIASMff, A 

MAHiimAiA 





•o 



H 


^MU&o 



> 





AC 




, D. Bernoulli fa fa A H “ it H SUM ’’PH ® 

AItHA - ItiiiIffo 32 :#, pyi^if#HJ'&M x HitAtWM, jTiJA «logx 

HMAJM, SSWa>03SAliAo jjpTAmMme, M5 



2L1> 




AD 3 * 



^alog 2 + ^alog2 2 + ••• + ^alog2 n + •• • = alog2^] 

2=1 


= 2a log 2 ~ 1.39a. 


&£-AWM, D. Bernoulli A A A^^AIH A# W 

H, 1! : 1 1 1 " i P j! j A |ij; 1),’.] ft A ¥ii A ; o JIA A E A A ft A A A if] A o SM 
J tl fa 13 A ffij # H, fi 1 0(i A tli# • A l# if IIA ft • 


AMKliAvf , i ! Si ft i5i Pi-RAi J KarlMenger fr\jij£vi» D. Bernoulli 


w, a w x&mmn& . ^a iiw## 3 

W 1738 <!• |'!<j if> £ [3] 0 


1954 2fe 


D. Bernoulli 
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D. Bernoulli , ffi U RftnWAAA 

A, MMatM#ifi7Ajma#Jl#, a#tAAo A^atM 

mmmmxx, mm 

tn rmxmx 11 fi m. n t * m , 


rA rtfi 


{v. fi l*l<A 1 11 n 'Mo iff atAKA 

T'psm&x* mn, io a, sw. m&xmn-vx 

ai mmmtmmm% 



i 


i 


2 ■ —h 2 2 • — 
2 2 2 


+ 2 


1 


2 3 


+ ••• + 2 


10 


1 


2 10 


= 10 




am«io a^ama, at 

ka, @a#«a 

io %, mu^mnn, 2 10 = 1024 %, fjt wai 

-tAittAWMmto stAttwaMirt-t 

aim, 5m#Ai£MA#tiMat)tAAiAt§i, aamk 
fiTHwaSo n r'i-Wiiij, WAji*,if^niW0fwWstisa 2 43 1 

7Qo MAfiJ I .III I H>J “ ;l” UltM, Ht^MAtiAif 43 A, -7 M 
tMAtMlAtt, «AlliAAfij 43 tic, 
ttttistftASo Hitt, titt 

iM#, tillin', fnJMfttSW 

a#w0^tt^m«Aita, saa^m 

7 «±, 


10 ilm!c 13 7 >l 7 ttf, A t fel A 10 ilmIc 12 , )i ilX>J f!4 £ A tifi 1 .7 w *_• 



tAAlU $pm-A#±WaM'il 77 if^#a^Piff-AAt^± 1000000 
a, Aitin 1000000 m 

D . Bernoulli |fij 7f t JU'J t A M Ifij , 0 A IE a \ til A A PIAA 11 tli, A fi J 

AtatWaiiTMAtMAAittyMmAlfitMAAM 

“mmmm ”. um, d. Bemoum 0 “ -mmmm ” 

AfiJAAt XAinFJtMM « • l'ifilJAl7 AllJt All^ A A Carl Menger 

(1840-1921) WJLt, At A Karl Menger (1902-1985) lEAft'AMlIfi 
K AlS A, A A A J- von Neumann (1903-1957) O. Morgenstern (1902- 
1976) /I:fiffjI'lfi 1944 t iM lA 17 IN A m i£APM$A tA»([24]) AAA 

D. Bernoulli W^fi7tftff7 “itH 

JM”A Jit HA±, IIPAAI 

i&7“mmmm”, mmrmm 

\mn%p.mm, akj tt a 


a#Ifit»iai±iaA[lAlAft^li?lJ?#mo 1959 t Duran 1A7AA7 
MA<<J«MJKJ^RtmiSm£>>Ai£A [5], fit ftjtAMJKilA 
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mmm^m 


6.2 $mwm sj#M^i± («M4) A^AsmtM^o 

A A lA A ^ A A "I A A #. A ^ lA A rm m lij (A A) Fi<l A A M ffl|, #}*£ 


A A AA X 1% o K A A )!J ASA; A M A ffr ill M M A A ill if rlr i'Kj 'i;i: 
n@. u&von 

Neumann-Morgenstern A #, ft J |ftj A AiA tl IA H /1 : . 'u/ M ; ¥ H'j A lift /if ftfc W 

up a a -a 

wasiiat, (bp, 

®MXT&m-Mo &Anm, smiww® 

ttfiwir, aama^a^ampa raaaamwaaar 

AAhJAaMA, mgLMMM&mW, 

f#o ftMHlftj^A^AJlilj D. Bernoulli „ AftkfflA 

A, D. Bernoulli AAA A 

H A '14 Pft Jf i# T > UlS a; |R a log x Blf $:A iftjftlA? A—# W; AAWftl:®. 

-aa^aaam, xx ^ mxm ., 

!«! AhA fii ^/iiAA^Ail:n<jJ-fJi;i F, inXiAXZmmjXi lAAW 


wmitMmm\mm^AA\mo u a von 




A ill A 


A ftt lij A A h . MlM X |R alogx Blf $: A W ill & X. 


»l#o mim&mAXk, AAAf MAift A A “§T Bernoulli ±A 

A” o A M iftj “ iff Bernoulli A A A ” Wi&if A Friedman-Savage [7], 

, mt a a a w a a a 





A'J S^gfo 

A, -it^aA?AAttiAAA^#IAiSin p nfi#^PliJl^i, WAftlW 
AA#MA«AfMr&o MiMAJICAlftAAM, BP A A 111 

A ft Aft] A A A & 31 A Affl M 
fMMIo A&ftiimT, AftrAAAA, AA AAA A AAA 

mx^m mxmm) aa, mtivmmmxx* apjixp 

AlAMLiM-t a; ilAAAgcAAAffl MM u, AM AAtA TAJ # A: 

E[ui(x)] = u(x), 

AT Ui AiE u AKiiJAASiJLmAW MM, Sut, «i(A 

mw, mm-xmiXpMa, iAmma-p)Mbifymu^mx, a 


m x, A 



pu(a) + (1 — p)u{b) = u(x). 
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^n^’^tfflPJto AMAiMMAAilo ii£it#IH7iHJ5&7 

Si M it A HI M $f[ ffl H j4c von Neumann-Morgenstern Si !$[ „ it 

e von Neumann-Morgenstern /|; j[ljjf J 7 7 l=f 5fe it Hi W 


)| ; ii <E 



77 




|J it # lA |nj ®: it# W Si Mr "• ^' " r 



von Neumann-Morgenstern J7 7 A S it l7 A A S 7 it —' IrI IS» 

o 7ittj^i±it®t v a- 

#i & a in a 0 w m ^ is- 7 j # ^ m a #, it- m a # x* itk w m a a w 

tumm, MAAnnwwttMA 

Sij-ffi gif A, 7' 70% ittRTtB (») ff m 


f itJ A 'ft 7 H A 7( 

, ifii 7 'tffjn 7 'j i 7 fl 7 iif 7 , i», “w 30% $nsm mm n 





o -vr *vr o YFJ JM 

KW7/AttWitMAitAAiJcAAMo IfiAiAnAAAAAWA 


i^ H 7(^MlP-^«$.WMHia5f5^it J itrjo $|£p, $ L= (z,j/,p), it 


X y JC 


"•"'itifj^iPj:,!;, pe[0,i]IW; SHA1WAAA: tm 

%\zkm^pn3m&'kM®> umma-p)mm^^My. # 


7M7it#7jl& 7,1 = (xi,|/i,pi) ifP L 2 = (x 2 ,y 2 ,p 2 ), M it i% 7 7(ill7 

L 1 = (L^L^q), JtfittmMAiM, 

MAWTU ^PJ^b^r^To JR^-KTS]WA(7AH: ‘AfriAh( tlm7L» >77A 

A Ait ITli'AA/r: von 

Neumann-Morgenstern |'|<J JA A 7 A 7 A 7, A % (ill A it, ii it it Jr iTt TKj ' 

J7 A fit 7 A IP xi A A 7 ft-1 1 ! 1 ft- ft lA 7. '7-; A it A 0 “ MM (prospect) ” 

lA (A A# A A17 Kahneman-Tversky [13] # A it A iMi A ffl A lA A 
DAiA), AititA “&M (lottery)” fKj, A it A A “ A/E lA im (contingent 
commodity) ” |A tr # 0 7 it'A Jr ‘77 it 17 17ASA 

t “ A aE r«J nii 7 in ” 

£> AH7 Ai aE lA ™ A |7I ”7lA[Ail X,y =fjf J$,J7A L = {(x,y,p)} 7J 
mmrnmxmm^o Ait^jn^inum x, y , z aa/p c 7wa 
A Of fib A “ jrffj /E |uj lin ” > iJi R| “ A /E |uj mh ” o 7l - it A7 IP] 7J A 


it A > von Neumann-Morgenstern A S &\( A A A j£ 


AR > 


717-7MtfA. Jiiiilii^AAit-itif^AAo A7I7TA 



Ail o 


i) ( fi Alt) sA- 


2 tin Jft # S SIJ A # W iA m A 7 9. #¥, IP 7 a til ik nj A A# M m tt A 7 S M 7 & # W 

“ifftil-i ” = ffl 30% ffl 70% 7» 

±A77‘JlieftMA^o lilfil'i! ^Jik7%JIIM7 tfeilA 

t ill 1' tffi YP t'l o 
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ii) (#iitft.) -ft A x>zy, y>zz, & x £ z. 

iii) (Aftft) x ft y fa y ft x A A ft ft—ftAAo 







XIS o 


A ® ft & # # PA A A A 1 ft IN ft ft M A 7u M luj ft ft ft ft, 

® A l-ftft iii) A, ftfttlWftftJ&ft, llxft. ftftftftft I'fftLft 

ft#, arjftftftft 

ffiifift: ~- tlxft, Ixft, SPfticf JiBft x y y. 


ft II 1 


i) z = ft, 2/, !)■ 

ii) ft,j/,p) = (y,x,l-p). 

iii) ((x,y,p),y,q) = (x,y,pq). 



ftll 2 (iifl'ftftll) ft Aftft x,y,z G £, 


{p e [0,1] I ft,j/,p) ft z} ft {p e [o, 1] ft ft (x,y,p)} 








ft ft Pn til ft 


ft ft ft ft ft ft a • .Alin ft ha 

A I'AlA®, ftA'JHaWamBcftftft, MftftftA Vft, Aft 




•qp-^ 6.1 ft x,y, 2 : G C. #|ft x y z y y. ftlft;ft® 0-2 $,aL, W y A 

#ft <i e (0, l), ft I'l (•'••//•'/) ~ -• 

ft A = {p G [0,1] I (x,y,p) ft z}, B = {p G [0,1] ft ft ft,j/,p) }• 
If ft Aft® 1, A ft B gift 1 G A, 0 G B. Aft® o, 

A\JB — [0,1]. Aft® 2, ft Cl IIP Ak lAl ft: <> ft q A = infpeAP- <?s = sup peB p. 
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m y A& A MB q A e A, q B e B. MXif [0,1] = AUB, & 

mi q A = q B , Mil (q B ,q A ) Zt A, til ^M J - B. 
nj tb W o q = q A = q B 4' (ft ? e (0, 1). □ 

a-MantMIIMo UMlnRtt x, y ,z ftftft 

umx, &m, Wx^mnoi^, 

®£ft> 2 ft 14 A'J 100 % 0 iPftftif&^iAA? x y z y y. fa ft ® 4c ^ lit A 

100 ftft 101 jl a“ X: 

mvMo ^ir«, wa l& 

K f-W a A A f j - /i: h>j , M[ Will:, /i: J ! H 




-£H1 3 (^AL'ft 4H1) x ~ p, £ ftftftfsT p G [0,1] 

^ e £, (x,z,p) ~ (y,z : p) 3 


*ft‘#tftl4ftS”) ^ ifc -r 1 j y 




ft® 1988 





M. Allais (1911—) ift'Mftbifo A 

3)3 Sta v 3S3 mb , afnnriAWT^ji^M: 


-Bp-fl 6.2 i§L x,y e £, x y y. 0-3 ft, ft, ft ft ft ft® 

P,q e (0,1), (x,p,p) >- (a:, 2 /,g) M JLfftii p > q. 

ft 41 icfn^feffiil, ft J‘fAf n J pe(0,i),i8 (x,p,p) >- y- ft® fi 

(x, y ,p) >z X y y ftft x y y >z (x,p,p). ftftI (x,p,p) >z x y y, M ft ft 
iftsl 6.1, #ft a G (0,1], ftft# ((x,y,p),y,a) ~ x. gp (x,y,pa) ~ a. 4* 
T = (a e [0,1] | (x,y,/3) ~ x}. 3Pft p« G T, ft 11, ill ft ft 2, 1ft Ak ft fft fft 
(MftlAfftiftftffeft ft q T = min aer a. JjJlJ q T G (0,pa] (Hi(jx8t/), ft 1 
JL (x,y,q T ) ~ x. f0 4 An ft 3, A. ff (( x,y,q T ),y,pa ) ~ (x,y,pa) ~ x, gp 
(x,y,q T pa) ~ x. BA <?tP« < <?t, ift 1 i <?t H-Jft A. ftit * BAb, (x,p,p) A 

x >- y ft ft ft ft flAJtilHj Ut : itf] x y y>z (x,j/,p) filftfttft &#, ftflftfc 

ill- 4a 7 X'J J fAfnJ p G (0,1), x >- (x,p,p) >- y. 

'j) • '7 nil» fti 'A p > q. JiP A fr : /i « e (o, 1 ), fb ft j ap = g. AA nij, /i: 

(x,p,p) itXfA x, Hsfrjff ?ij 


(x,p,p) >- ((x, y,p),y, a) = (x,y,pa) 


(x,y,q)(y y). 


fcZ, (x,y,p) >- (x, y, q), M4 4 (x,p,p) ^ (x,p,g) >~ y 6.1, 

oj p = 1/2 $CAA, ## Herstein-Milnor [9] Theorem 2. 
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« e (0,1), ((x,y,p),y,a) = (. x,y,pa ) ~ (x,y,q). 

q = pa li'j vt'fi'nj □ 

m £ a in Jf Hi , /i: ± ft fl & K-fj'W F£@: 

5eI 1 6.1 (von Neumann—Morgenstern ^iM) (£,£ 3 ) 

— &$tu, m/L 

x>zy u(x)^u(y), 

u((x,y,p))=pu(x) + (l-p)u(y). (1) 


i£ 0 H IP 5fc i? aE : fc- £ ^ fcfc- b w, £'t' tfjfe'H x, # 

/'$3L btxtw. MW b IP W £ 4> W (*£) M ”m 

“ftiflft (*£) iM”o 



4 M (6) = 1, «h = 0. ill 6.1, mmxnfc r £ * 

X ~ ( 6 , w, p x ) = p x b + (1 - p*)iu. 

NW, ill 'bp M 6.2, &m-&}o 

m&mnfcXu(x) = Px . jaij^^aim), 


(z,J/,p) 


((6,^,p*), (F™, Py),P) 

C b,W,pp x + (1 -p)p y ) 

(b,w,pu(x) + (1 — p)u(y)) 


Hitt, (2) 

£Effra^ffi&# aEJSC (ft U x'/k ffl ® Wit Bp X >z y u(x) ^ u(y). 

&$rm 6 . 2 , xtv p*>p v . 

mis, r Ui ( 2 ) wtfflato sp 

ui(x) = p x u L (b) + (1 -p x )ui(w) 

= (ui(b) — ui(w))u(x) + uAw). 


BP Ml £j M II 
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Mi± ffeif] A A lY /r /r. “ 41W (AA) M m ” S “ 41 ff W (A 7 e) M 
p p n M M^o (Ate) A rm ”b 

M (AA) l t}$ i ”w URffitfm#..b£x£w 

mmu c (AA) M&”b' >- b sam 

&\J (Aae) |«] hh ”w'(w>-w') (tA AM if A A ‘SB ' > Ai JR if A S? A A ‘ 

mu v>zx>zw'mxec mm&^mm a a aa ^^^ 


^ a i n X rT 4H N # W A A f# i IJ A JAA 0 f w 




ifj u A“#> 0 A 'Ll y$f 4 eL «'(&') = 1 S-l u'(w') = 0, jTiJ u'(b) < u'(b') = 1, 
u'(w) > u'{w') = 0. b' >z X £ w' x G C, 

/E SL 

, u'{x)-u'{w) 

«W = -7777 -77—7’ 

u'(b) — u'(w) 


y^x^w'^xec mmtmmm, 

£E$I4eL «(&) = i,u(w) = o. fIh±® ifji£ i® Si AABP AJJH, ^AmRI/RtST 

yp/S b>zx>zw^]xeC, SJlfJ u 



PI O 


&#. RMl AIA I. iE 

±wmmuvtxt^mxec. 


tsiw, u rmm^ c ± 


4 


ypiN 

□ 


327#, $C in lie A “ A A lH m £ ” W Iff : AfH4cT» ill' p 4 7 von Neumann- 
Morgenstern Alii Fi<| IR H'j /? A )E So :&—f1I4c>AA®S£jlLl< Il'JM$f f"J liil 

MSSAijA 4ii5^fo {S M 4:1 jlktBA , 

SB ^iJ4r, S ii i > >f W ik L A Si 115 x| 1 -- a if i iiu i ii i £ liV)! J .f i] ii<j 11: V X-. i \ fl<J 

Hilbert SfH] w ^ai^i^W^^o 

&z, s-^ai$icin^^r#^tt^i4T6<]^mi»]iswff^waEi3Si 



# inM04, bJ' UM 34 M— Alt m m A^ m #tw mm x5tt al 

Friedman-Savage [7] Jn B . A if] if kk M A ® A & 7^ &^ ffx A: ‘ ' ft M JE 

— As. r' 


E3 



^ S'.uAUilftsiS^xAij -i 









AA av/. 


3A 


A 


6.3 $P ABlfi^, von Neumann fP Morgenstern to Hi ililii] fiij A)! i ill 

Wo iAiMAAffllft 




XIA 


1 J 53 .m 7EdfeS3 IhHB» Ii.AAiiiTjAf4WaM'A» Aili^WSTtn 






A A 






feiSAfiirAHS, jap R IS M iiliiii® Hi W A71 iS % A 


4 ^f 


-A* 


±7 K fe±feiii, AJifflgiJT “ its PR If A ” = 
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X fJ<, 0 M 1952 X Allais /± —/% M J 1 von Neumann ^11 Morgenstern 

p m m o m a a in x a m 4 x urn m, x in a m a n ie von Neumann- 


Morgenstern A J j j pl<| S |’!<J ft X >f I I ill! # W $4 ffi S§ Iff fi ^ I* 'jf tt 7ft o RiJ 

xmmxfx, imnmvimmX'mxm 



'o' 



Apt O 


aims mi 


-ts 


Allais (ft ]%j® X 3c X J ‘ f n lH : 44 iZ. '14 A Jjf. 7 If X X 14 o Allais f£) )|f 

I—XMX, XXiLWX^IiMtf] 

<<^t^«>>(i954)([2o], xm 









von Neumann-Morgenstern 

^W A MW% , 1:1:1 jH'. X #LB XM ft X M XX '14) I'r'j M $fXX 

4 Rfl XX L- j- Savege (1917-1971) ftp 7 fuA X (A Allais H {f J ;| l! fi'j.> kktifc, 
Allais (Hj S M X lit X “ Allais ff it ” Bg ^ 0 

Aiiais i'i<j t/'j t Bm 'r% saw 



A r? 1 J Allais B\ '$. lH W 






. T I _a, 

HO 





Hm, 

aaiitbT-^M aims mk&B&imx* 

ra. -&h ^ 


\l V 


■>/ 




aims mmMxnx: fiiswarMta ma, 


( A ! = 


< 


alo — 


< 


A, = 


A 4 — 


t XX 5'i 100 7j X gp 

^ 10% #fgf.4#5'J 500 7f X gp 
VX 89% 100 7j X gp 

vX 1% 

rX 10% 500 7f X gp 

vX 90% # it 47# A\ 
vX 11% 7f it X # 5'i 100 7j X gp 
& 89% 


a Jp.^-; 

>iij' 7C 




>4IP it£AAi&> X A 1 A 2 AlH 


A\, ftrj x a 3 m a 4 x 

xxhkxx 

mstt, x aims m tri t 

jmmximxmxm^x, mxxmtfjxunrmiffim 

Savege X X I7 1 ! Ih o 

1114-1* # mmmx&xm w m at 4 a a m a 





'i : -1‘ > icffJ^ 




L 1 = (1,1,0-11), L 2 = (5,0,10/11), 
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L\ — Ai, 


fff 


(L 2 , 1,0.11) = ((5, 0,10/11), 1,0.11) — A 2 . 


’Vu'ii, m\>ui 


A4 — (1,0,0.11), 


(L 2 , 0,0.11) = ((5, 0,10/11), 0,0.11) =^3. 


a#, a u a 2 a 3 ,a 4 m 

W Ai ~ a 2 , a 3 ~ a 4 . jfui RziCAA A >- A, JUiJjAAW 1 >- l 2 , AM 

AA A >- A- til lie a A , A 1 y A 2 Rffc-ft A y A 3 fflto A lie it F/r in 


Allais IV ife o 

Af t mm Aiiais aimsa# 

W, A3—$cAiAAAj&AMo AAfkft*EAMIsiffl vonNeumann 

Morgenstern A JS Hi Ifi$t ft ft ft % a A — fttcSlDAiVA Allais # A M Hi 

aAHA-MWAftitltAAMa, FJrVX^nM A it 7 fa A AJ ®t o a a 


AA-fAAMJAiA ASAMA^AfVAao 13 tfAA Allais AAM 

A A„ ttkiAA, 31AA+AAA^®A*^AaAa»±WffA, A 


A A ft A A A A fit M A IS ® A 3£ fill A 7 j ft A, iti3 A A A A AP7 7 j, IS 

Allais tv is iv Ji5, AAtMff 

AMW 1961 Aftlijlfj EllsbergtVife (###!]#R> [6], [15], A K A A A ilil 

AttXt Savage Wi v SIi) 1970 At73S, PffAOaAliC Kahneman 
(1934-) $\ Tversky (1937-1996) |3] A 7 A —ff A ft R A A A A 

ifWM, AtSiVAftAA^AJf±tTW^mfn]M, A 111 HVAIf 

M;l; 0 fkfttt AAmAfiS±g^7 Raiffa [17] MA, iAAAA 

(normative analysis), A A ti itf A A M Ir] M itf S '14 M It, A f t Iff Sr A 
IA iR M A A A AA] o von Neumann-Morgenstern fit M V# At M A H A A f 1 1 
Atifo —ft A (descriptive analysis). A' AA W Ail AW Aft A 

PA±AAf«®6<Jo ttk ft A A till ft Ifj a A II fJc i£ A A f t A $t , AWA 
AftfiS±, M&AAfkftAAitffi 

ft o A A— ft A tw f$!l ft fit (prescriptive analysis), A A A W A A1® If A, 


'44- Av 


/3A 

ffEr 


^EAriJHftAlw]WA/£ 


A ffistj 7 Aft nj )!J 7 A Hit* V; Al'IUfj A A« Aft VAttmMJM (t ; 

a) ^umm\ftmmm, m^a 


145 




A 




W (no theory of choice can be both normatively 
adequate and descriptively acurate) ” 0 S 44 W $2 & A IP tt *$—' 411 ; 7 4u 

m W “ 14¥A it ” 7 “jc¥jc it ” it ]|x rn ti&mU o A t\ t rT UMM%: 

r± “ m^jcit ” ^ 7 tmti “ 447”a “ A7 ” a bp “m”a u 4§ 

a”ata 

Kahneman-Tversky SiATHA von Neumann-Morgenstern l!jj 4? A lij l'1'l 1o( 

M it H'J M u'li, ifii'JiKvhX/i fl-i!; A'l'ATMiilo 

Kahneman-Tversky |A ttt ft 7 Allais f7 iA A W ill A A » Th44):A7 A 
A 44A 414 j] W ill 7 A 4n 111 von Neumann-Morgenstern M_ it ||j 7 A <> A M 

m i = zmxxmxxzBwmm't, 4tkAt£:»m#wm44#si!$ 

(#IAAMAfiJAAIA44Wli) MtB, aA0iC? 3- 


FI 

Ru M7JE 



TUT 

^Ff 



tut 

AFf 






£v=? -=At FL 
717 





TTTT ( /PH 
^Ff 





?7 7,, A -^-in 


1:1 1 " 1 '7 ? Kahneman-Tversky A 5JJ, 7 £ IT K{\: M —'44 


74 itff]nj 77 i/itn it %zm±it]mm, u a47 mmmmtmmmm o 

M. HAfflTAAirMBA AilAA4AW^IIA-#Wo 


m 2 (JSL [22]): A744 77i 600 

Ao JUfSAWWAMIAA^: H^AA^A47 400 ATE, 200 A$t$A 

A^AA^IA 600 A 7 A W M-t 7 - 2/3, 600 AA$tM 4 WA 1 / 3 . A 
MAAlilW»AlTMIi4iA-#Wo MMMMWJSiA * 
A-MAi4im^7lP£, aTf#Am#71-44A^o 

^sAinwATE, 


Ul. A -AM 7, aMAA^MliaA: 





A 200 A$ 






A 600 AMW 



$Ai/ 3 ,'MAifW 



><w I I. 


^ >u 2/3. 

WAS Wit ill A 72:28 (MM 

& A17 152, a P7 A Wl it] 17 ill A 109:43) „ (± M - A in S 7 - X 4E if 47 A 




MWASA 








/j> 





-jj 400 AAA > 


e. 

1 / 3 , 600 A 7 EAW 4 WA 2/3. A: A AA 7 S • ,7 % W A l!(' -. 

^WAitW AM#1x37A 22:78 (iAiJfS^Aii 155, ^PAAinWBk 
MA 34:121) o 

AM7 ti A is tn A p 7 Kahneman-T versky ® 4g 0 $11 A ijfc, Allais # 

A 7 R i7AftAAlTj“4'JA ” 4P 7 lift A A, 47 f# ft # A 7 % “ i± A A ” 

lA 47 % J7 7 4S P A M, IP A Kahneman-T versky lA 44 1 ] A J4J A A A A 7 4A # 
AW “4±AA”# Ao ffl Kahneman-Tversky WAipAiiA 4MliA A A 





A 




JAL 
#■ 7£ 
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IMAflAAMTlftili#, IBA^A^AA “MWii (framing of 
decision)” 0 WIlMt, HAMA 

tm B 


TTTT 




<n A IT H\I W 


AJK o 





AinM#&4l£*Mo BU A, AAi3A“MAA”lf 

nw Ao pjt tB a n w “&m w mm ”aaaa i± in^a^ rw - : * n ™ ihk ' ,;t 



tiEo ^m^nmm 

A ift, Kahneman-T versky (ft M A A IA -1 1 In Hi , id; Ml 

A, MA^AM^o AM±-#lftA 

m, iii a Ain am aw, biiia 

AIA If a A AM A (A SI) AAMWinniilNi 

Mo AA jA A Hi Hi A (\ , A in A t& 13 If von Neumann-Morgenstern >3] A A 

ffiMSAWAPKo &#SteA^AEEitt&S#j£amitt, AAA 
SBMAllrAfMA, fn. 3 A d'/l'.Nj A/iif|-: 

ItkinAABHA J§!K A, 

##A-|H^WA^A^AAWAA, AMAAIMA 

3PAA3SAAWo 


i‘!c Nf lli fi W 'M A IT , Kahneman-Tversky “MMSife (prospect the¬ 


ory) ” ^ i« 33 til a ^ 

AfiM-AAWfl^litA, M3^3'KiiTEEWtff^3o Will:, 

tvAM IMAIITA, IMlMifSillA^A^^3'JAiA33l'«]M, AAAA 

-AaJAIMMM o S3 

A A ” A H aE f3£Z (certainty effect) (3t3^i3 ffi A IS III A f n A A 
Bl^nAA JS-MAA (reflection effect) (A±lfiA'l« AlA A Alfc$PM#, BP 

IS A A A, i6HA Ik A) > M A (isolation effect) (A W ^ A 13 W A M A 

JaiMilAAMAliA 


Affii£AIJr, IAMfl/i;M)ilAAJ3iAHA 


mllJA^AN/'JAAili 


0 
AE 

U -. 




> A f=l 

Tk 



/. 



A I'll M m A ffl w 
u A A, 




/v 


I'lA Al'IAiTM AA fe /A I. Mil 

W3SAig^, aaaaim (x,y, P ),Mmm$imm 


u((x,y,p)) =pu(x ) + (1-pWt/), 


la A xl “Kahneman- Tver sky |j|[iil& (value function)” v A A, 


«((®,J/,P)) = n(p)v(x) + 7r(l -p)u(y), 

H ; ' 1 1 A A A Am Fi'i Vi III fi'i @1 Vi v, A i 1 J- It A)IJ Hi Vi • $£ a 1 11 1 fKi Vi , If 
x| n AAMiilAi (“it& (gain)”) IHif, A- i ^ J: ftj ik It (“IkA 

(loss)”) JfllJ A [Hi Hi ifc; vr AIXMUlS (weighting function), AUkAlS 1 ^ 

W^Aiait, ffl^lElSIWiftlli, IEAH AINAo i« 
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value 
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1: Kahneman-T versky ]iL ifj It (A) At (A), $1 [13] 


Kahneman-Tversky ff 7 31 ^ 7 AKA A 

ikM^fF^MAMo 'if A7Mill 

WAitum 

7 '/jzI t'A-1: 7AAA) o Kahneman tii 0 lit X -77aA ff7 I'Kj IIU W. 
# V. L. Smith (1927-) 2002 AfHjif AMAM 


Tversky Black AA |&X—ft7 if A HJ] ^ 



Attn*, n$m 7A.il:, 

A ii von Neumann-Morgenstern Alii |¥| A |tj if7 7 ft o Allais |fj 0M .# 

A A 7 AA 7717A A A Anil7A 7 A AAA7A, {nAilltAA 

7 Alt J ‘ M A, $77 '& W ii 5>J IX 7 von Neumann-Morgenstern A i IJ 7l A 
fit M A o if] 7 Fishburn [6] it7 fit £ A 1 1 11 'J A 7 5] if 7 AfrAAiAA 

iiaau ##ii 

M)o MfA#irA^-#AEE7A¥, MfR]»J777£77fHjAo 

H A, A -7 7’ A m 7' 7.7 A 7 ill'll. I I fit Kahneman-T versky if 17 71A 7 A 

A 7 A A A1AA A i 11A A A - # A 7 “ A 3: ” , Anil A 
7AiHA7MAo 77«ftmAT, ^7^mitlifeW 


#?«#Ac a#, 



"jit///. 




m 9 U 






6.4 m&mmmtTkMM%HmmmTk 0 aaaaaaaaja 
Ac fiA x, y a o AMftTTtbWAA; mm x mim£ p, m mm y w 

7 A (1 — p). MX El3 von Neumann-Morgenstern Affl lf| A lit A A. > 7 
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u((x,y,p)) = pu(x) + (1 -p)u{y). 

OtAM (■x,y,p ) u( P x + 

(i -p)y) ttiVc&AMMo M 


u(px + (1 - p)y) = u((x,y,p)), 




u(px + (1 -p)y) > u((x,y,p)), 


UP A $P sen v f 



^ |I» \\ |/ 

!1 IL JX /lLa 



M 


u(px + (1 -p)y) < u((x, y,p)), 


M A ffi m M $S- ft A] AAJxU®M&£o 

x, y p. 



mAmmm it 






s. 


#Jf) 












o -fScffji'fiit Ar.r mmAAn^kA, bp 

l- $P?R- y A AjAM, BP y JS'hJ' x, IP 
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lie X '/£ bt Wl o % 7 Arrow [2] $\ Pratt [16] 

A ( \ u"(x) 

A u (x) — — - 

w(x) 


III. &Hfc;Jik0rifi Arrow-Pratt Jxl P& Ji£ S J§ it > i77! Arrow Pratt % 
3^JxlP£J£2S llo T u {x) = i/A u (x) JxlP&^SiIif£> 1 T 1 J R u (x) = 

xAJx) 





o 



ai, a 2 , 


a 


n 


>0^n^ZEf{ o 


f ,7 t J-'J 7 ^ ^ 



ai + 0-2 + • • • + (2^ 

n 




exp 


log ai + log a 2 H-h log a 


n 


n 


»T-«fEASX«* (0,+oo) MFtt**** / SXKI /-¥■«* 


M,(o) = / 


-iff ( a l) + / ( a 2) + ••• + / ( a n) 


n 




/ ^7Jn / 

j> ( a l + a 2 + * * * + a n^ < /( a l) + f( a 2 ) + * ‘ * + f( a n) 


n 


n 
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M / lil' 





, f- 1 , 

(; IK m*'('•-iJAj) flit / II /-f 

umpsm&, (p : ^#ii) mmmuwt^u-^Tfx^n^^m 

$P H T ii 'f s T IE Ml fa m. a = (ai,a 2 , ... ,a n ), a $J g-^ #J & ^ 'b ZP 



.f-f Xj, Mf!*lM Jt (0, +oo) fa, g '•; f 1 f!^ 1 A '" 




7^ \^U, T wv^y H-J > x I ' S>\£- rJAL kLL ^ —J J M *J PJ 

h^gof- 1 ftj 0*, /i = W 

Mir; -!>7r Mj 

WO = (g(f-\x))' = g\r\x))(r\x))' = 9 ' ( f‘fa . 

// 1 w 


w 


/l"(x) = 

^(/- 1 (*))(/ , (/- 1 (*))- 1 / , (/- 1 (*))“» , (/- 1 ( a ;))/ ,, (/- 1 (*))(/ , (/- 1 (*))- 1 


^ o. 


Hitk, 


/"(rv)). </'(r 1 (z)) 


/// i*-i 


< 


/'(/ _1 w) 9 > {f~ 1 (x)) 


ill -r lfafrm'14, SPff 


// 


/ < 9 


n 


f 9' 

r/r Rm#ft / -«"/«'«wim 







f 3C B f J/3C 



<iyL Arrow -Pratt fa - fal 1^M3S $£ s. W Ife^ M fa. 


•Bp-fl 6.3 i!t f,g (0, oo) J-fafaiAA- (0,oo) 


Vx,ye( 0,oo), Vpe[0,l], 


/ 1 (p/( a?) + (1 -p)f(y)) < 9 1 ip9(x) + (l-p)g(y)) 


-1 




u / n /"(fa) 9"( X ) 

Wx E (a,b\, —— < 


( 2 ) 


/'(fa) g'(x) 


(3) 


u-{\. t 
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mat, xmx 




6.5 r±x xmxx 

r^nrmr.m^m5.5 smsw 

Mllffflgio {s^M S gi, . .., qs > 0, 

(qi + --- + q S = 1), Wtv 'I'l'SilJ lX X ffl XXX 


S' 


w(z 0 , X, ..., z s ) = u(X) + <5 ^ q s v(z s ), 


S= 1 


A C r V X /£ X it ^+ 

X ” o j&ltf, it lieTTf 


5e(0,i)ft 








A 

/;* 





X X X 


u(x) = 


1-7 

7 


ax 


7 


1-7 


+ 6 


b > 0,7 > 0 , 


i’ll! X ffl X X f /1 X ®Xfe k't M K ^5 (hyperbolic absolute risk aversion, 
HARA) Mffiit. XXXl/i: blKHPX^lil M* V u (x) = -u"(x)/u'(x) 

it X 

m . . 1 x b 

Tu(x) = 7 = - I . 

A u (x) I-7 a 

'Atk-'tm'mtt, @1 HARA XXX LiiXX«X*:Xi 4 ixll&^/S 

(linear risk tolerance, LRT) XXX« SXSXlX^^XXMl^M^Sflllt 

7 * < i fc* > i; 

i&” ; wm n <, xx&mx^ffi?! 

X> XX' 'XXiXXfh b + ax/(l - 7) > 0, 3 IXJX# x X 7 < 1 

^ 7 >Hm Silk, 

7 = 1 XX- u(x) = ax. X X Rl IX X X ti'j X ° 7 = 2 ft -A X X Xfi'j ft 
=1 6 = 1, X 7 — 5 " —00, u{x) —» —e~ ax . X b — 0, 7 < 1, u xk itf 

ffikXXlXXSillX R« xlXX 1 - 7 - XX = logo; ill 1 'J IX (\ fl' : HARA X 
XlX XI'> %JkHX logx = lim 7 ^o(x 7 -1)/7- Hitk, 'X/i: Xfl'X;X F> 
rT /HF 7 = 0 ftj HARA It. Ru = 1 - XiH'.i'JXiL, 

HARA xx xxxxxixr x m xx, xisxxxisrx hix* 





,x 



152 



)!J W\Wl Ai't K>. iAAi'A T\ x«j 



m t 





U 

x,y e X , 






PI o 


MiitM. A x aaa r^-ar-./r-x^ ^ m j-fiM-; 

x )p y -4=>- Vw G U, E[u(x)]'^ E[u{y)]. 



&M X,y M U WtMWI 

afcam, 

Wo nm, aa 

w a a $ a ^ 
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M Hilbert 5? W M. fl [ 7 111 :jf | | |'jij W |nj S A f!y J& '7 ift 7 A W M A > AID 

Wi«I7#o hi* MAM A AM 

# A Pit a £ it (stochastic dominance) 0 A) i I FJ'I fi A A ( 1 JJllI rT 3/ S # M 

a: l- aa a!)A pj'i %'i t; 2 . a in amh@ma o m ffl a wsfiaaAa 

»A-M-P»m£tto Maaipsm^a/MAii# (mmw 
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£il 6.2 i’l x,y fa ft FB-E H t fa 

it fa 3t it> F(s) = P{a; < s} fa G(s ) = P {y ^ s} ^ A;'b Al 6\J % 

fafafa&ii. X —P/pFiC fafyfaifa y fafafa^-^fafafa 

Vs e M, F(s) ^ G(s). (4) 
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m, fa - 7 / 
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0 00 ^ 1 itm&mm, a a -am am a a -a 




ik&fatmuify 0 fa 1 mwwawm -00 m 


6.3 (-RfrBtmiStt^a) pusiHit^ 

A M lAM A J:, F(s) = P{a; < s} A G(s) = P {y < s} 4AM fa fa A M ^ 

X — mfafcfyfaLfa y fajLfr&gr-fcfrfa 

VteR, j F{s)ds^ f G(s)ds. (5) 

J — 00 J—oo 




5(s) = f (F(s) - G(s))ds. 
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m s #RdS(s) = (F(s)-G(s))ds. Ill h; Til 
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/ oo roc 

u(t)d(F(t ) - G(t)) = - ( F(s ) - G(s))u'(s)ds 

-oo J — OO 


oo 


oo 


oo 
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— oo 
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□ 


( 5 ) 


inirf iii j - M (s) = .s it.- mm >r>iw * 
mmmm, e\x\ o E\ y \ x • i^i^^jl, 1 .j- y u 

ieAl X a Pt m #L 1 ir it T y, x tb y til lie 

ij£J|pfrBfitfl ttifc##^ Markowitz ¥>){t — |j |£ it JWJ W 4b II #r ft ° |l : 
-A. I ‘T^Jjx.t'JIX § Hanoch-Levy 

[9]: MM JiU In // U4X o. 1.2 - •-.-tfii:, ItU III 

0.65, 0.25, 0.10; My 0.86,0.89, 

o.ii. =f^kmm 

F(0) = 0.65 G(0) = 0.86 F(0) - G(0) =-0.21 J° oo (F-G)ds = 0 

F(l) = 0.90 G(l) = 0.89 F(l) - G(l) = 0.01 f^(F - G)ds = - 0.21 

F(2) — 1.00 G(2) — 1.00 F{2) — G{2) = 0 f^F - G)ds = - 0.20 

HiWfitr t, f) S(t) = J t _jF-G)ds ^ 0, 6.3, X -pMtlft 

f£7f y. is it E[x] = 0.45 > E[y\ = 0.25, Var[x] = 0.4475 > Var[y] = 0.4075. 
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ic / frjiilnj'^jia:ix# | jij'i w il» -7pfrPIUlilrtfc111t'it: Markowitz 

M —MMM- W0.80 

WI$t 1, y. 0.20 |'pjMM 100; y tX 0.99 10, ^ 0.01 M 

^4®. 1000. JjJlJ Apr] = 20.8 > E[y\ = 19.9, Varpr] = 1568.16 < Var[y] = 
9702.99. Bp x J5jft'| - - ! J Hfif: J - y, fl X|^j§HBO ®$ «(s) = log 10 s 
E[u{x)} = 0.4 < A[w(y)] = 1.02. BP x # ^ “ pfr p® #1 ft ft 4 1 y- 



M A Markowitz fg ■- Af H it JfllJ |jt A til TTf j|]i H Vi * fi® #L ^ M «£ 

Tobin [21] fi flii l l P 14li t>(1. it 

2. xi J - H 1 &, fcl !t 


5 TkJ BT , HctiliTM#SiJ F JM'TM'A' J - G, Id i1 1 4: S 6.2, * li t IWRATl 7 y. 
m it, & t m f Ik i>i Oi 47rP(it'JI. A m Wl ¥ M M 1, \K: ii<j ft A ^ 
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mfti, Markowitz A, M14 
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Morgenstern [24]» ^ (fl (lk Hi MTn|7t Kreps [15] SifeSJo & .7 j/H flk b 7 Ik 

TSo Fishburn [6] S^iMSW. -«Ttkfi^S' 

^j=f^ Kahneman-Tversky 5P.r&lW |^J 5^ Kahneman-Tversky W)^iS “MM@ 

i& (Prospect Theory) ” , nj # # #, If] (lk (g I ife A [13], & IS it :£ Hi iH B (S J& % 

Econometrica Tj SB AM'jI vE&Cl&M.^ (ikiAAo 

ff I J -Fi. % 7 7 iff. • ltiiinW9.ikW>H#iiI n]'#fi' Kahneman- 
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; ]| k| Varian [21], {i Btk® Herstein-Milnor [9] jSff 7 StA RI. 7 Ik IF 

S BfftSIf Huang-Linzenberger [10], Ingersoll [11], Jarrow 

[12] ik««M, [10] [12] ifig. faMMAbm 

IB If W W B ui t.'j Bo — (Ik Hi $ HJ ± (Ik von Neumann-Morgenstern ^ f% W\ Wi Clk 
7 /tfll'JSlil-U] ^v.. [6] IlkS 7:(ikikJ h 7'37 £ (r (\■ 7J 1 ! (lk i l i 7Ilk 7, 

Arrow-Pratt ift M &flk “ \ti tk7 ^ SI” B 

m&nmmo its 6.3 ^i\\jtiRmmMEtmrR%o Pratt 

[16] rfi, IiffiiTSfeM^JPimfltt(lkAlt!l^#o Ingersoll [11] fiklS 1 $TW/E9 5 
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HARA ik I i j Fi'i & /CS! , .:'I A Ingersoll [11] (ft 

% 1 v'l'lioA 

I«'i I'JL.'i tt';i Vl J@ (v. Huang-Linzenberger [10] 1 1 1 )Ij'f;'* A JfciS f j"i•] if-% Ingersoll 
[11] Jarrow [12] Hanoch- 

Levy [8], ill i£A Ingersoll [11] ffi ft it W & , -RfiiPj PrlMi IJL i'i 

n<j '/il SL 1 j [10] A API, £ [10] O'- 

Mfflfcl. Rothschild-Stiglitz [18], [19] tTnjfr fA A PH Ktf L 
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“#£# 800 jti ” “ yj. 85% 1000 7L ” MXfom 
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A T tlj S3 IS A ffl Si W Arrow-Pratt A - MM Si Si 



u(x) = x--x z , —e bx , 6log x, 
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a u ^ Rio n u'(x) > o, u“{x) < o mmzmmk* im, >m a a 

K m)l A' u (x) A 0, ill A t"(x) > 0. 



9. X OP V ffliftL E[x] A A[y], Var[x] A Var[y], i^iiE, XOA 

\im u(t ) = —at 2 + bt + c, a ^ 0, A u A31 it Pi SiffllS K |uj ^ - W 
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e[u(x)] > E[u( y )}. -mmur, nr®, ^ o n, e[ x \ > E[ y \, 

Var[x] + ( E[x ]) 2 ^ Var [y] + ( E[y ]) 2 , U If Hi E[u(x)] ^ E[u(y)}. 
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z 1 = u a + 6 ■ x 1 , 
9 G 


K 


jiifili- gfricfj^iiHtfeW^jfr^pit 

«* mmm. 

lflj!4^4> A- fi' 

ffi#w4ifr7Ei4o it'i 1 


0]tfc, £{u,u,x x ),^ ( ^ u = (it 1 ,... ,u I ), 


u = (a; 1 ,... , a/), «*: iraS ' +1 


+ 


+ , a/ G M+, i = 1,..., I, ritj x 1 = (xi) k= ir- s =i, 




Rji^^i^riT^o 

£jJC3j ( z*,e*,x *°) g Mi (S+1) X M 7 W X M x 


//?.+ 



i) X47Hif4 i = 1,...,/, X'J J ‘ {AM z G 5(a;*, x 0 *, x 1 ), u l (z ) < it*(z*®); 
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ii) 9* 1 + ■ ■ ■ + 9* 1 — 0; 

ii) z* 1 H-h z* 1 = uj 1 -\ -he o 1 . 


j£ ftf ilE 














ii) Ji 

litiw, winiWo 

a in & mj r± m m * #i -& a w - ® & % m w w & *n * a # m ffi m ° #j $n 

%%±mtWo tut. 

ii) (fallSc#£■&<> AIT ; A '$£Afj 14 A ife|4 rfT±^±4 ftj (Financial Market 
Equiribrium, FME) C 


fflAAA, ifijlitA/i:i4l'AA'l'4g^i]« 



max u*(^) 

s.t. z G _B(o/; A, a; 1 ) 


(3) 


^4' 


5(4; A, A) = <J * e M^ +1 


z° — uo l ° + AAA — u/ 1 ) + • • • + A s{z s — co lS ) = 0, 


z — co 


i 1 


= 9 ■ x 1 , 9 e 


K 


aA^rjAM#tt^Ai4i4o T»Ht4A 4 Al'AA 

AAiWft)# o /cAAruJ^ti'i)^ k w a- > a), ainnr^aa±ffl 

l!‘J Al 4 tie 5(4; A, a: 1 ) ‘I'M A *444], HA 4 Jff:f"J S Al"J.4 (44 


ft*) z 1 -4 1 , 4 #-ff 0 

#, BP z 1 — a/ 1 = 9 -x 1 . iA;#, 5 (a/, A,a: 1 ) = 5(a/, A). JlAtAAA^AIJ 

444itfi<j-§AM*im4A IMP Rm# ill, m 
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5eH 7.4 Mq S^UjUj^x 1 ) 7776; J, -$- i 3 Hj st iS) I 

# JL 7 + • • • + a/ G Mj+\ # £ 
£7,^,7) ffJLii—i^J#f7 Pareto JL7S&JL 

A| 7 Arrow f R Debreu fJl ®f[ 7 7 # ik A If A' lift /E 14 W ik Sfe 7 II W Mj Hi H 

MnrH3^^^^'l4Wl^n P nTT]^W^^fn]Mo 77^7 M ®$< 

A A aE rfT ii !£) flj (Contingent Market Equilibrium, CME), H- r |> “ A 7 i]j 
M (contingent market)” 77ilIE$R$cCl GMJiii!] W , 7SW1fA7ffl 

ti. 

II. A In 'In 7 tfc 7 77 i]j JI 7 f J' A 77i 7 14 H'J 7 M , IIP 77 

7iAAJAfeMIHAAc 77 7 A 7117 77 A A 






'niASBA 77A7±ffi'tA fl I 'ii /l: A'7 7 i|j JII’lti'j Jl: 


2 




7 1972 AS Radner [14] ]lf 7 J§ Hi lA > 714#, 


\h O 

Axl 777 i-.'/f (7tlM«^7) AIH4T, M7^irA#7o 

{1/1: 1975 A Hart [7] H A M'J Ilf Hi > A 7 A: 7 A IIA — ill II fl A tn 7 

# A 2 o 77 #Aff7A4I17#7 PA 1985 A > Duffie ifP Schafer 

[5], [e] 77‘siA^fr A777 tm, 

%}&&&&&&} o &MA“«A 



A Mt^AATIIA A (MJffi A 





itAMATA MIIlftf&MT, 777 r« A“AA7A” 

1 Pareto ^ A* 7 tn A 5ll “ $E M It it Si g ” „ 773A|jJIAA 

ij7t£j±SI Pareto ftffilfi g, 7 ACI if MM A , 0AM777. 


Mill7t£77M, mxmkt 
&A&7A73, 3A77 







upturn 

Ac AfJMSo 


2 -. 


nj‘ Id iff Rh, -1M “ £ iff H n H ” (R H - # m ph ) 7 an 7 % W M ■- & ±d 


(7W7«M;7r77) fiM P-»! ArMp n n (^7“^”ld4h, iPWSiJ 

Wi^p n n, 7 j-ScA Wbd 

kf Mi, — IS M) ^ it 1 4 tg 71? 4 o Hart (ft jx fij g H - J -;:: !tjj f&i ph 7 Mi $1 ia Kl » S — & 
$|J ik tn § lr gfc in IM 77 IP #• 1^ RP 7 Ml Kl & $ !| o #7 Magill-Quinzii [11] 0 
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(General Equilibrium of Incomplete Markets, GEI) 
JHi l{> /lill ML'I'-Sff U k ')< M « Magi 11 S Quinzii M [H] HiE ‘ I '• S H 7/ 

ffl Hi M W \H W A l - : f; 1- m 67 7? M„ 




7.4 h uii m iv• i 1 , acMtM capm m apt 

M I ‘ , /j; Magill-Quinzii [11] ^ lit in iA M S i'l ifc CAPM |'pj, Tf ^ M 
|7| M 6.5 4 1 0fH?[] 67 1T75^, BP u(z°,z 1 ,... ,z s ) = v(z°) + 

<sEf=i?x* a ), m u hara ^it. 

CAPM 0 

MM- BfW CAPM 67l»S:®o tlf]|Ti 




AU> 


' f± M o 





M /eW4p, uI nfeis-ficirjiinMMM/i:i'']®- 

CAPM (UR APT) 67^H„ 



Til67- fl7ETTj^'SWn#atSMPiffi7?- it S ^ » t 



AU> 








^0 tI 




•r,..r 2 .r„: iAMfll&'PlClM. IIIJ 1C-1# Jj A':)1 ! El illM' iP S67 

fS s M 7E l ;/ f tE 7 e o jlfc 7h - H o f t ffi 

III. (7.31 ffihifc"!'SsT±7EPrEEim p, 

M U iA n 71 iiE # 67 AiIffp(x 0 ),p(xi),p(x 2 ) t ..., p(x„), JL#Iae 1ACJ 
WSlEo lA»-l flil# 67 M'ffl n + Hi e = (00,01,..., 0„) 




V = 9 0 p(x 0 ) + 9ip(xi) H-h 0nP(x„); 


(4) 




y = 9 0 x 0 + 9 1 X 1 H-h 9 n x n 




max 

s.t. 


E[m(^°, z 1 )] 

A = a/ - ELcApOrO- 
A = cA + ELo 
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max 

s.t. 


E[u(z°, z 1 )] 

*° = "°-ELo {ei-el) P {x k \ 
= u l + ELo 9 l x k- 




m & m m i'rj^w^t^iwj 0 ^ 

ms.^ 0 1 . 

eL o i = o. i 

, mmtmm 

^ ZL(0 Oi -0 u ) = 0, ffi ELi ° 0i = EL e u »o (» 





> / 



/ * 


/v 




7§ — 





« #P±aeJ£C (itSt. 

ifu4 'b*j bim>( rtEt'B %m, wb 


■u(a;) = ax — bx 2 , a, b > 0. , $PJi: 




E[u(x )] = aE[x] — bE[x z ] = aE[x\ — b(Vai[x] + E 2 [x}). 






i /£ u {]' Taylor M Jf » Jii! ^ Oiff W In 111, /-[w(x)] M '3 •'' P'j 
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x ^iiiJ-iEi 


, w'aMx ittw, aw 

»j$cWiAM, 

?!]> J2i M lc ^ ll§ ft MWf: Markowitz M#J{t — AfItiHJJ!ll,AISft_tft 


rxepIWo mm, jEimam±-m^mu^i)t^mH^^ 








Markowitz M¥>]{|[ — ft M W-Kll ftWit:ffl von Neumann-Morgenstern MM 


Jk- 

/ 




ft 




mhwiiw w aftitm ihmm (7) ww 
mis mm - aaiaw /v = Mft] w ^ = v ar [W] /±g]»w#th: 




n 


Vzi = ^M k E[x k \, 


k =0 


n 


^1 = 


X] ^WfcCov[xj,x fe ]. 

j,A:=l 

a#, MM (6) ft, a# 


< 


max 

s.t. 


v(z°,n z i,a 2 zl ) 

z° = u° + XLo(^ - e k)p(x k ), 

/v = SLo o\ E [x k ], 

^1 = E£*=i 0j0* Cov fo> Xfc . 


( 8 ) 



KM, iMDftflittftfift , ifi u = v(x,y,z), ftift^ft^ 


1> X > 0, Vy >0, V Z < 0. 


ftf ” -, “ ft ftif!ftft(Vi.MA 

&”■ “ttitffimftfeMRmm'mis-” * 


^il 7.5 M (8) (ft) 


M-t- 



(9) 



E 


l'O j 


- ^o + 2 ^ 37 ^-— 2^ 0 k P{x k )Cov[r k , rj =0, j = 1,..., n. (10) 


Vy(z°,tl g i,(Tl) ft 


k= 1 


V x (z°, 11^1,0^) 


r o = 


iiJt. ft, ft A/Wy® ft M ft, ft; r 0 ,ri,...,r n Ai 


(11) 
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HE ill' P H ST ffl Lagrange |fg, |n]ji[ (8) p<J Lagrange 


L = v z°, Y 0\E[x k ], Y d 1 j 6 1 k Cov[x j , x k ] 


k =0 


j,k=l 


+ A U° + Y 9 kP( x k ) ~ Z °~Y 9 kP( X k) ■ 


k =o 


k =o 


Hitt, o msim (z°,p- z 1,4) 

s-«. .- s- 


11liiJ ill fiij i^.iC "J f'l 


= A, 


( 12 ) 


v y (z°,Hzi,crli)E[x j ] + 2v z (z°, n s i,<j%)Y 9 lC° Y [ x j, x k\ ~ A p(xj ) = 0, (13) 


fc=i 


3 = 0,1,.. •, n. 


%j=Oft, (13) i * J > j ‘ 



v y (z°,n z i,ali)xo/p(xo ) = A. 


H&mSj .ro//'(.m) = ro SI (12), gp# (li). j ^ o ft, 

E[xj]/p(xj) = E[r.j ], p(x j )p(x k )Cov[r j ,r k ] = Co v[xj,x k \ VX Jk. A fpj I:A£ U) k 

ft, ill (13) Hj Ay.fl/ (10). □ 


0§ W v\ 


P3. /4'- ' 


n 


max 

s.t. 


v\z Q ,n z i,a 2 zl ) 

z° = uJ 0i + XLo(^ - e k)p( x k), 

/v = YZ=o e k E [ x k], 

= Y,k=i 9 ) 9 k Cm [ x v x k}- 


■ J 


(14) 


E4. /-L*. 


n 



e i \ 



p( x o),p( x i), 

im^^±imnmmmm^mft, bp 


,pM 


Y >? = y>T»°, k = 0,1,....n, 


(15) 


2=1 


2=1 
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h ■fcwimrum^mif'j ^ * m±m w 

. —v - . > . / a r-u- 





SL 


/EII 7.6 £. JL^} ^ , -fa%-Zf-f p(x 0 ), p(xi), ..., p(x n ) ift 

it, 0 11 , 0 12 ,..., 0 17 , ^p£ 

i) Ei=i u i0 = ZUi (#r#^ 1t£ ^ iMt ^ ^ #■ -f fMn -7 7c 

iH^ ) 

ii) el 1 > 0, k = 1 , ..., n, i = 1 , 2,..., /; (-&>M£ $-# tfl t * t 

-%r%£, if JL-t#+i£#«£; 

*t 4 4Ht X l^i£ iMt f-M 4-# A—# tfj . 


iii) it r-gfi* 7? ^ i ^Mt iff4f 6\J ItitM^ 0 U ^ #\f J^I^ii^liL^ 0 17 


E 


i r ji 


■r 0 = C ?y^ 7 ’ ?e , 1,J (^[rgii] - r 0 ), J = 1,2,..., n. 


Var [rs 


e u i 


iv) (CAPM) it r m 





™ = (0, ELi #?\ ELi °2, ■ ■ ■, E 


Oz 


it JJi->27 


- r 0 = C ?I^’ r r J ( E[r m ] ~ To), 7 = 1,2,..., n. 


Var[r 


m 


v) it z 1 = ELi ^ % ^4^ & ># # , t 2 i 7/ iHl #P £ 


^[Tj] - To = C ™ [r ;:'r ( E M - r °)’ i = !, 2, * - •, n. 

v ar t z ] 




^-#. ) 







X ^*®fc = 

fc=l 



+ XI ^(^) 

k =0 
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i) fclAl 


n 


n 


Ll) 


01 + Y °kp( x k ) = *°* + Y Ol'pM, i = 


k =0 


k=0 


Bfumm i An 


i 


i 


I n 


n 


I 


E - E 


z“ = 



-«“) = E^‘)E® - 


2=1 


2=1 


2=1 / c =0 


/c=0 


2=1 


iI!l''J§f ri'J)i: ^ (15), I•.A A '!>, BP i) 5 
ii) * (10), bT# 


n 


E 


\Tj j 


r 0 = 


^ ^>(x fe )Cov[r fe , r,-], j 


= 1,..., n, 


(16) 


k =1 


H :, K ill (9), 


^ = 






(17) 


IE (16) Molff 


i7[r] - r 0 e = A l V6 H p{x ), i = 1,..., /; 

H4 3 #[r] = (E[r i],..., E[r n ]) T , e = (1,..., 1) T , 6 u p(x) = {O^p^x i), 

1 (Vjk)j,k=l,...,n (Cov[7j, Tfc] )j : k=l,...,n- B H, 


, 6 nP( X n)) T , 


A i 9 li p(x) = V~\E[r] - r 0 e), i = l,...,L 


-1 


(18) 


*ilA, lAMnm 


A 1 el 1 p(x k ) = A z 6 k z p(x k ) = ■■■ = AAl'pixA, le = l,...,n. 


2nl2 


I nil 



& J ‘ A\p(x k ) > 0, 

Elg (15), AAv\ : MWLtiSk/±^ 
Bp ii) JjjciiZio 


(19) 

k, Bfw b t- 0 

Hitk, 0“ > o, 


nil 4- 


n 


= 


°kP( x k)/Y 9 * p ( Xk ^ k 


= 1 ,...,71 


( 20 ) 


fc=l 


ip 4 Fii (i6) r m 


22 


22 


22 


^[r^-ro = A' ^ ^p(rrjfe) J] <Cov[r fc , r,] = AM ^ Cov[r^, ry 


fe=i 


fe=i 


fe=i 
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f# 


n 


n 


n 


J2 w )( E [ r j\ - r o) = A 1 ^&l z p(x k ) ^w) c °v[r~ elt ,rj 


3 = 1 


k =1 


J = 1 



n 


^2 w )(E[rj\ ~ t 0 ) = £[?>;] - r 0 ; 


J = 1 


n 


y^^Cov^n,^-] = Cov[r 0 i»,r£ii] = Var[r^ H 


j=i 



\ 


n 


A ‘ £ W 1 *) = (^h'*] “ ro)/Var[r s , 


( 21 ) 


/c=l 


gP iii) klc \V; „ 

iv) ) 

mm±, * m,mmn 



n 


A 1 ^ 9 k pM w 1 = V 1 (E[r] - r 0 e), i = 


k =1 


-K ^ «-<’* = (wi,... ,w i n ) T . fl I H 11 i (19), A i (Y2=1 °kP( x k)) Ej i E 

itk, w l Ej i gp M if El aEW k, 0fW wl !/j ' .Vlllh 


ELi 9k pM 

ELi Ell <«**) 

EL Cp(^) 

ELi Eli ^V(®fc) 
ELi < ELi g feV(^fc) 
ELi Eli «**) 
i ELi ELi «**) 


m 


W k = 


= it; 


A; 


ELi EL «**) 


= w 


fc 


v 



&#> h rgu = r m , 

i^i yv 

i / n 

z 1 = Y1 ( wli + H 

2=1 V fc=0 


Hi iv) ill iii) iij \\\ 
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j = 1, • • • > n, 


( 22 ) 


(A 1 ) 1 (E[r j \ - r 0 ) = J^^Cov[x k ,rj], 

k=l 


A i * (17) 0f^ o m&. 


¥ 


I 


I n 

— 1 \ ( T7ir._ l \ nli 


V (^)- 1 (EW - r.) = 



9kCov[Xk, Tj 


1=1 


1=1 k=1 
-1 


= Cov[z ,Tj 

= p(^ 1 )Cov[r s i,rj] j — l,...,n. (23) 

im, r ~ z i = eLo win, iEi 1 wf /Ainiiii (23) am 


i 


n 


I 


E( A< ) _1 = E^) -1 - r o) 


i =1 


k =0 


i= 1 
-1 


= p(z )Var[r*i], j = 1,... ,n. (24) 


IE (23) (24) WU v) 


vi) 


n 


n 


n 


E« 

Ac=l 


k x k = 


E^A(^fc) (?>) CiA + ^ AtAO^fc) -(rjii), 


fc=l 


fc =0 


i = 1 , 2 ,...,/ 


ffi Ab r- 2 if = r m , i = AA vi) J$,3z 


□ 


IA # f!]» 1±1 jtfc H f!] (ft rt W bb #• M I±1 i% '14 aE ifr J® Kll Hi Ac Itt Markowitz (ft 

w“ftr’w, ja» i(ft#i¥ 

ft a ft r : Mi m (capm) 0 )) •.viiii, am&nr«A t nimmm 




* a* % 



11 • ft || *J /tW o itk^h > /b Magill-Quinzii [11] (ft^'A; 


CAPM (#1 ^ W K) (ft ifttfe CAPM Jftfj Pareto 

tiisto M-iAAft§«o t\m, 


Mr, cap.m nj ii (!<]if /i: n 


# “ # ¥ ” a 
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U 4-/ r 


7.5 t 

mmm z° e\ \tn 





t£”*S§r^H Ross M APT Sit 

HM: 






n 





max E[u(z°,z l )\ 

s.t. z° = u° + Y2=M - °l)p( x k), 
z 1 =cj 1 +Y2=o e l x k- 


(25) 


1iLri,...,r n 3_M$tT[y&±L> E® it u = u(x,y) S Vi fl ; I'j'J 

wfttoiufco 



1. U 




EL 


(M4>w w/rE^fc.j 



^xx'i^yyi^xy)^ 5 



>VS 1 


'-UN 








2. ffi^I|l^|[ti IlUt >0; 


3 . u we ia 

11 r l_ M n , lljj < 0. 


— rr/y /Ei ei 
■vj' 




0f $J $ W Hesse £g 1^ E >1, X 


£ll 7.7 (25) 0 1 Hi z°, E >5^: 


E Uy(z°, z l ){rj - r 0 ) 1=0, j = 1,..., n. 


r o = 


E [u x {zP,z}) 

E[u y (z°,z 1 )Y 

$L%. To, ri, ...,r n 


(26) 


(27) 


IIEPa ii U7J ill M Rj' H Lagrange 0 f E 0 |n]M (25) (ft Lagrange §§ 








n 


CJ 


0 


+ Y1 9 kP( X k) 


k =0 






dL 

d? 





hk ini ill i)ij ift jK. 1 'J Y\ 


E[u x (z°, z 1 ) 
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(29) 


E u y (z°, z l )xf — Xp(xj) =0, j — 0,1,..., n 


Xj/p(Xj) = Tj, (29) Rfl 


El 



E[u y (z °, z 1 )xj/p(xj)} = E[u y (z u , z l )(rj)] = A. 

Mj 0. |iHll (28), BP# (27) f&yLo UM j A 0 fcf, E# j = 0 

M, BP# (26). □ 

7.8 fc. Jt^ I 7 , p(x 0 ), p(xi), ..., p(x n ) 

n, o 11 , e 12 ,..., 0 1J , %a-' 

i) EL^ = EL^; 

ii) 9f > 0, A; = 1,..., n, i = 1, 2,..., /. 


o —1 


vEW i) iMMEEH 7.6 ^mm^7C±-f4o Mtlli! ii), it I (26), 


nr# 


Cov u l Jz°\ z ll ), rj - r 0 l = -E \u y (z l ° , A 1 ) I £[rj - r 0 ], j - 1...., n 


i y 


/AM 


E[rj - r 0 ] = - (E [u y (z t0 , z xl )\ ) 1 Cov 


j = 1, • • • ,n. 


n 


U 




T J 


k =1 


(30) 


13u-Xo rj m-A k a a x k = 

p(x k )(r k ) l j Tj Efa] -til rs5 a7 o Hltfc, M±E##> 0]* = °> ®’J 

E[rj - r 0 \ = 0. !/} - V IHI, [4:1 A fl't'/Aa, 


n 


I Z % ° 


■», y Si< 


Xt I -«• I z*° 


&=1 


i0 . £ 

k+j 


= <y I *° 




k+j 


-K* t Xj e (o,i) (RTtSflcj^ xj (HjM)„ M < < o, &A ef A o M, 

ill |-.A»J'# ^ -r 0 ] # A'- 1 1 'J '“j Of, 1 I./ |nj 


j 

tB0rW > 0, BP ii) j&A 





M, ti Eh of = Eh of > o, E A# 


□ 
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ro SS w apt. 

r 1 ,r 2 ,...,r k ,..., 'g|f]tP fk B6#L3£M, M r 0 JUlJII&h 

min nw^jxu^ffi# m^um-o xwmn k /,. /■> .y 

i'pffJ'-j^^-f. -#, I3MM 0 


TCI), 


K 


r j - r o = T V(A - 'm; + -:... / - l - 1 . . 


(31) 


k =1 


SMfiis f k -zmwKm\m.yL, e, , ^cim 

5iTfi4, ' ; //,• ^ Hi $ft A, WMr 1 ,r 2 ,...,r fc ,...^fH]ffi5:#^(S- 

/i.l)l 'hi<J% : iW., if-11. 


Var [£j\ ^ o’ 2 , j = 1,2,.... 


(32) 


H'/L 0 

> I 7 ILT7 ra ^jrj=r • 


r j — fj\ j=l,...,jr; 


(33) 

(34) 


£j Ajj_|_x('Aj+/i Ao), j A T 1 ,.... 

5c in £E R Tj: - R R R # M R R '/|'j R R Arrow-Pratt 
fb hRlJ MMR: Arrow-Pratt 




V ’S') ^ y 


A (if* (z°% R*) 


(35) 



@>ii h<j n mbur n- +oo, iMy, Ay -o. 

7.9 (APT) £jii£«T, *tf- In t . 

/tR- p(x 0 ), p(xi), ..., p(x n ) ^L-ijL, # n , R 2 , • •., 9 11 , n #i£ 
#-ft (j Up R#f, 


E[=i ffipfofc) 

ELi Eli <% P {xk) 


Wk(n) = 


, = 1,..., n, 


#P&, £ 


lim w^f{n) = 0, k — K + 1,..,, n\ 


71—► OO 
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lim E 

n—>00 


K 


r 


3 


~ r o~Yl A j k (fk - r o) 


k =1 


= lim E[sj] = 0, j = 1, 2,..., n. 


n—>OG 


(36) 


vEm M ±—£ a ft ilE pj — #, ^ in rJ:I (30), M S S fi'i 7 M W 
At (35) |P 0}* > 0, mJ '.H'I 


E[rj — r 0 ] ^ Y9j l p(xj)Cov[rj, r,-], j = 1,..., n. 


/AMS (34), A, j > KM, ill (32) I.m 


E[£j\ - E[X j j+K (r j+K 


-r 0 )] 7 Y9f + Kp(x j+ K)^- £ 


JJ < nli 


j+K 


l A J, 


'-j+K 


d j+KP( X J+K) 


im 


3k SfifSMijM» rT## 


a (E!=i AAa'Mm+aA 


£ 


L^jj 


< 


a 


I Aj+a- I E i= i (EL A h )p(m) I A’i+A' 


Wa 


M 


j+K 


M)> 


MS a Iffo 


□ 


(AM, TcfiJJA 





r 3C 


> M Ai 7 Ross M APT iIj Iff S i 





n 


lim (E[ej]) 2 < +cx); 

) —v r\n r ^ 


n—>oo 


j=i 


III j%/I ill) SIMA- 


lim 17 [ £ A = 0, j = 1, 2,..., n. 


n—> oo 



M 7^ 


tt” ; MmsWSMi7i^'SM3A-jS^, EMMSMM -M M AM7 A 
MM ASMS £a 7.9 S W iinw> (n) = 

SlmiS^M^MISMAh MAM AIM A MM 


0 

-M#0fAS<]bb#i)f^@At@/hMo Hjifc, W 
AiAWo AbAh MM 


179 



^ apt mn 

/UlijlfllL'.^.^.tlJ, SS^fftto 

mmmm capm m apt ^iwi^h^ci 

o CAPM ^#-0 




tJ 


Jk- 

/ 





k A 


/t tt ttt itt tt %J tt tt tt tt itt tt tt tt tt c W\ apt m—'\ 

tt tt^ WfltttSflfo SlEJI Ross tttt APT 


n |nj, el ts te m m m m iti m m tu iix r ^ in 

e nv 7.tb -tu, rn i+- fa. tta 1 V 1 -fh -k- aa Jt vst *dt e_- 4 V A' |Aj f -||i gy , )^tl^l 

13 TD. -M ** ADT 0 ^ CAPM 

mxmmkm* ttttlttttffittm, AP T (\ A:$\A T U, fll ^ AP T H<J 

H’jJ ;| li [ho Hlfck, (^ttPdltt Modigliani-Miller 


CAPM WflUg&lAb APT Uxc 


ift PH IE $PIE111 A “ A ‘iIV, ”'l' ff\\&, Arrow- Debreu - Ax A ARjfj A A A 9. 

A; if-T .'ll-fikff; !'iT ;// ' il'i ifi i. [1], EES Debreu WA« 
# [2], A## Varian [17], it'Mil it M A 

Brouwer TAjttSi9. 1 j Debreu-Gale-Nikaido A9-xf IPf?HE RJ3 „ Mi tt 1^ A $F tt M il, 

M MA & A §tt A tt &ft?#., f b £ E A ft # - &f#IP T M Atttr tt g*. At : J 1 AB4 
MRltlMmtt F° 

#0 Magill-Quinzii [11]„ Radner [14] Jgttiiffiffttt net, M 4' V; 11 tt 

“ m ” (#■ is Hu). -T-iis? a nj a ts jb & a m m m . a # ^ is H n H w tt ® a m m tt 


^ a a tt tt A sr tt m m %t $ tt u ®. He in w it & *t a m ± ir 


7T< f 




■r I. A A f? #■ WffiB". Sfif S ^ H<j A A A Ml il<J T % T tt tt f? H its M W 


tt tt o @ it tt M tt PR tt iS W T A tt A « W - M A f19 A tt tt # tfc & ft g. tt PR tt ^ 


tt 


. O 


n<j tt tt tt Hr« Pj - it A ffi 9 tt tt tt A 5 ® id ;tt n fi<! I 

tt tt tt ilnP ^ /SRjtfWiTtttt Huang-Linzenberger [8] '|' A Ittt 5 $; ; A 
Ingersoll [9] TttAtt 8 %• A Jarrow [10] TiS'Jtt'tt 6, 15 |P 18 v:v = ffttMttttA 

ttMAMttiio Ai'i Duffie m [3], [4] at [ 3 ] 

Arrow Debreu a.:9 i*t|5 M ! AE 1H-L.UT fr j' ttlfll /rAP S fJ W it .tt W tt tt W 
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Black-Scholes 3 


ibH Black-Scholes T If Black-Scholes £ 

S h/lli^SlkilE^SSilXIfitl^c^o TIf Black-Scholes Cox-Ross-Robinstein 

( . si m v;Ai #»j 


tnj „• m'1.1! illf|' . fit ‘>!i Wi ¥ if> 1 1 1 Ibj 1 1 1 -lb 11 PB 5oI H , *& [!<J 


m #BS•&ftiR: i£ 

ffi e m&m i-j i/ii: * fi<j # fiE a ft # , *r j •» $ «aj * £ w »■ #. w y as a @ if g 

JS M laiiilUi/llj/i-kiil'b 


^ kb o 



• 8.1 Black-Scholes Effc ^^ AM^5L£\k it,« 

• 8.2 Black-Scholes £ £ fbj niji}|x „ 

• 8.3 Black-Scholes IkitW Cox-Ross-Robinstein (i/XMkjii) Ifi If. 

• 8.5 Vi r ib ffr 8 k '£ .f ! P n<J ill ill A <> 

• 8.6 



8.1 3% in 5te 5fc # # ft* y A M Black-Scholes |f| ^ £ A« M jftr Black- 

Scholes Wo 

C(S,T) = SN{d i) - Ke~ rT N{d 2 ), 

f0] w a It W i: A X A gfj A W ffr & ? 



lo g - + 
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T = 0 Bt, w C^O) = (5 - K) + , it'l' (S - K) + A A 
S-K itjlEffB, BP ti S - K > 0 Bt, 5 - K, fl I.'’| S' — A' < 0 Bt, 

ilo III]I T > 0 Bt, C(S,T) it A S warn, fflM 

A A A c A t >^|Mj +cx) Bt, HI A «t I''J A c 1 = s ( £n HI l) o 




Black-Scholes A A &} UmZ&& tA£S» a A- A itk # 


fii. t? '|i, t;.i'i; t% iij' it JiJ fe. J!ji #ijA A A o 

Min, in%s = is, k = 15, r = 10%, t = 0.25, a = 15%, 

Ait, BtfgJit^it, )'K inj it R tj Ft t lb A M iti it <l-A, w&myfti 

Ke~ rT = 15e-°- 1(a25) = 14.6296, 

(] = l°g(18/15) + [0.1 + (0.15) 2 (0.5)]0.25 = 0.21013 = gQ17 
1 0.15 a/O25 0.075 
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d 2 = d x - O.lSv 7 ^ = 2.7267. 

mm 

C = 181V(2.8017) - 15e _01(0 ' 25) iV(2.7267). 

2.8017 |P 2.7267 AAJMW 

ifr&M 3.3749, gp 

C = 18 ■ (0.997) - 14.6296 • (0.996) = 3.3749. 

EffiUlttit-ir PT# C = 3.3714. 


8.2 Black-Scholes 

1900 Bachelicr (1870- 

1946) m±ikJCo 

AM' I'.Al'i'ili'l 1 ‘IcV'o 'AAiiSlJ Black-Scholes AfJ‘ h itn A 


1. Bachelier (1900): 


C(S,T) = SN ( 


aa , + „v/r, A " s 


CT 


x/r; 


CT 


vT 


n ^It7& 



u ft M » 



2. Sprenkle (1961): 

C(S, T) = e pT SN(di) - (1 - A)KN(d 2 ) 




log I + ( p+ H T 






3. Boness (1964): 

C(S, T) = SN(di) - Ke~ pT N(d 2 ), 




log A + 
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4. Samuelson (1965): 

C(S, T ) = Se- {p - a)T N(d 1 ) - Ke~ aT N(d 2 ) 




d\ = 
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Vt [ 


i°g4+(p+i«T 2 ir 


d 2 — d\ — (tv^T 




Black-Scholes 
ffiM, Black-Scholes 
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Black-Scholes jg A (ft #- 7/ '/A 7c f j 47 At 17 jp 




a in a * m m m turn ni &« & ip m a in #i 

-So, aS 0 IP 5S 0 ; HI U illA4 t 1747ft Ah 

3P48I&# “*A” a = max(aA 0 - K, 0) |P C b = 

max(bS o ~K,0).l£3tm'm&T, ft -R'!< >7fffe-Rf: f, 1 , if , f'iftftftft ”|ft 



m=f- “ 7t" iftJBHA 37740 ft a |p b 

fk j - i, y, tftj-1, ;am#/± o kj i p i^" n 





ap + (1 — p)5 = 1, 


BP 


p = 


1-5 

a — 6 


m - Ant” Tift nwx 

17 47 ft T ftl fit, BP 


Co = pC a + (1 - p)C b = 


c a — Cb + ciC b — bC a 

a — b 


7979 k Rendleman-Bartter [19] teKUftSd^ [5] 

mm, -jlJlkt!l l l Sharpe 3Bt*BW3£fclA<J®ffi. 
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i&it, m r. 

HU W^7nl^5!j7 (1 + -R) 7U o &[tf ;£ 

^a) 




pa + (1 — p)b = 1 + R. 


iifr 

( 1 ) 


iitk p = 


a—b 


c 0 = 


1 


1 + R 


( P C a + (1 - p)C b ) = 


(1 + R)(C a - C b ) + aC b - bC a 
(1 + R)(a — b ) 



t = N 
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A — M L±i (call-put parity) „ of L : l3 it 

N —> oo ^ fcli Black-Scholes 
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lim = 

N—>oc 


lim 

N—+CO 


(N) 


+ S-K 1 + 


rT 


-N 


= SN((h) - Ke~ rT N (d 2 ) 


*Pp(S,0) |> SO % 


c(s, 0 ) 


c(S, 0) = SN(ch) - Ke~ rT N(d 2 ), p(S, 0) = Ke~ rl N(-d 2 ) - SN(-d j). 

17li Ml Black—Scholes Je 111 it o 
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Ji^l^ Black-Scholes 
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1), 
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A S’,- 6\j/t X # 
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illi\ o 'V /y 



Tm 


iinM s.i rt 

m'jWti'mrn&'^jL'A., : io! mm ■ i 1 4' m'% iK t m & w m m /i: fip 

w&, i"]ii'j> 

*^jb, 

3t 




yjv 


hnr s , km 



B^^iS^ii) K, 03/ xd- 



o(0°) n) mma'I 1 * 


#M 8-2 ((0*, . . . ,(t>n))n=0,l,-,N (T# 

ii^E) fr&'ftwit Vo, Mn=0,l,...,N. (K 

r£#^L®&- 0 = (0°,0 1 ,..., (j> K ) % ij rtfe'iriMj, r^ri a. 

vEW 08 nrffl31T^if#rf5J: 


K) — 0n + 0n*Sn + 


1 n 1 


i(ni( 


o 1 v'o^o 


+ 00 So 


0°, Fi3 

Ki(0) = 0n + 0^S^ + • • • + (f>nS. 

n 


d nK 
n^n 


V 0 + 2J(^AS‘ + ■ ■ ■ + tfA Sf), 

3 =1 


n 

€ = v„ + J2 V aS j + • • • + 4>’i A 'sf) -<&§'„ 

3 =1 


0 


i(ni( 
n ^n 




□ 


* mm, ©c^ain-MM 





eh 


j§ “ a 0f ^ $ ” w o hk m & ^ jr j m ® r+ n & ^ *& ^ w rrr n u* a i 


'X 

JL 


/i ; “ a rrt ^ ^” a k ip m m rs« m * m n m & ■” w % m m #i & m m * & 

S* WF0K3fe3gji£o 
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n — 0,1 ,...,N >>)y /111 14(0) ^ 0. ^4 jft H§ 4> t!-S§ f ll SH Hlir > 

^W§, J4'/i/4 14(0) = 0, 1440) > 0, 

mm#}, BP W) HFy>^etMT^iEo 




s > 











8.3 r&J^Tfri^ A4H3“ i) 

#*], t) (0„), 14# V 0 (<i>) = o, v N (<i>) > 0 . 

\m rn%±, M#/i#4t iammwM, f-iifii \n(o) 0. \; v fo) > 
o, M A til# 


AT 


Vat(0) = £) (0)A^ + 


+ 0fA5f ] > 0 


3 =1 


n = max {A; 1 14(0) ^ 0 }. 

Ml^ 4 n = {u e n | v n ( 4 >)(u) < o}, (#) % 


0, k 0 n «5c u 0 A n , 

<f>k(u), k > n JeL cu G A n . 



a; = 


3PA7«ffi, J- 


W)M = 


o, 

Vk(<i>)(u)-V n (<i>)(u), 


k 4 n 0 A n , 
k > n s$l u E A n . 


iitknTJAL, M 


Vo; e A n , V r j V (V’)M>0 


Hitt, #«#£##)! 


□ 


8.5 am 

ffffla^wps 
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am pm, &-^m-imMm 

Jo ff'f J^J $ M. , & 32 X'J ^ | Uj lit M til $, v. <, %llt, J&inffHlfc (martingale) 

WM^ 


Hj> o 


«WM£ € 11)39 wr* Ville flAt'JIfflWo 




u 




(martingale) ” o /l:3%If]±Wfg'I 1 , 

(M n ) %Lfex%-^Mmi±n, 

mmm i (ma 



ft***/*. 


£[M n+ i1 JF n ] = M n , n — 0,1,..., N — 1. 


< (», (M n ) ®%±m (t 



4' 4I ; . /1 ill. (M n ) 'J'} 



E[M n+j \T n ] = M n , n = 0,1,..., N - 1; j = 0,1, —,N — n\ 





8.4 it (M n ) Am (jjflMm), (ff„)^#iit(M), AM n = 
M n -M n _i. ^ (3««L) (A n ) 

Ao = if 0 - Mo 

A n = Hq ■ Mo + H\ ■ A Mi + • • • + H n ■ A M n , n = 1,..., IV. 


iM 



M Ilf, )lf gNif 5 ! n, jf] w 


-^[^n+i — A n |J r , n ] — £’[i/ r)+1 • (M n+1 — M n )\T n ] 

— M„ + i ■ l?[M n+ i — M^IJ 7 ’„] = 0, 

& M H n+ 1 TTf J/'ilIl 5fc H0 H -TV Rf ill Wo feliiL 


E[X n+ i\T n \ = E[X n \T n \ = X n , 
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bp (x n ) &mo 






N 


E 

n= 1 


H n • A M n 


= 0 



mn M (Mn) 3PA (9) &2., 


Ftl (9) Mj IH'J (M n ) (M„). 

E[M n+1 |^] = M n , 


3j ffi 0J 


Vc i) n ^ 


E^„PM M n+lM 

E w ec n p(v) 


( lj ~*n ) • 


( 10 ) 


Hjtb. IM'WHgM u„ e fi„, 9t 

Hk(w) = 0, 

H n +i(w) — 

H n +i(u) = 


1 

0 


k n+ 1, 
o’ G o; n , 
o’ ^ u; n . 


PM&#W (H n ), (9) i/.Bp'.^'li (10). 
m * a f J * iiE Ujj T ffi W M ^ 7E a: 

aeS 8.1 ^ 

is. %. a % m . 


□ 







ilEB^ 

3; it 



V- T-n 






n 


W) = Vb(0) + ^0,-AE r 

j=l 


3.3, (K(0)) 


'!_• TX . M. ll'lj 



E 


V N U) =VM. 
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« (<j> n ) w 'a ''i v Q {<f>) = o Ht, #th vw( 0 ) ^ o 

£[M0)] = o. Xv(0) = o HttWRTtSo Kith, 

£*M±.. /i: :s n 'I 1 


AT 


M = {a; G 


f2 


i = V N (<P) = £)($ AS] + • • ■ + 4>f A5f), 

3=1 

(0n) } 



Tfc n 


= {2/ e | ?/ > 0 } 


H /t^B 


>ii J ;| P. /j'-/i: y = (//(-^’) )_•, <> e 



Va; G M, Vy G K, y ■ y ^ y • x; 


I"]Ht, &Yj' 


Va; G M, Vy 3> 0, y • y > y • a; 


lAMylft# AWJ IJ^r 1 



Sltb, y gm? + , ;AWWS'd3fc^WMAj 


Vo; G f2, p(u>) = 


y(oa) 


Eu/enM^')' 







xeM, u W y • X = o, $ Rj'-f-#x* 

a' m^iemn m = (<&, ■■■,€), w 


A 


A/ - 


E & • a5 

3 = 1 


J 


= 0 


Eb^ris 8.5, (5 n ) JA 



□ 



W, M fi-1. MixiX^BifW 

0M M A 1 $J ii M jc %ffP ijAMS A fi] 7 1 • l;i-'# 'A A /A IX ri.i, IX A: to 







A~ 

id' o 
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? » A £ W i* 6<]. *S#S-^RTft 



3C W 



• t (#ft) k >ii fX ii.V. h e 
0, i^’f# VW(0) = h. — 

%) &txxxm\ t#*itip rmw&RT&^ 

nr^#(U^*m, /i, #££ammw&0, 

I0v(0) = h > o, (K(0)) Xj 

M-tM K(0) = ^[V5v(0)|^n] X 0, BP 0 £ H[& 'gl'lD 



aE-11 8.2 ft Xftrft %) ft 


m fiyi^ru^^vL^i'pjo 

h e r« nr^^mws- 0 , h = \\(o). ji:>i> 0 jtRr&gmw&o $r 






DC 


pi m P2, itn (k(0)) ip* 

-Ei £/2 >H 




/i 






Ei[V N {4>)} = Ei [h/S° N ] = 10(0), i = 1,2. 

& J■ h ft ff : |(p, IXIX =i pi = p 2 iH 3' 17"f ii'iio 

Xfr‘\£.° F O + En=10n-A^ 

v Mf$fi]o fi^pi 

¥Kfl m E x liJ'jljolvX'J 



Vx,y E 


Q 


(x,y) = Ei [xy]. 


Ill fv ftUfXM, X'j'fiiMN^D ft/i : e ma 

Ei(z) = 0, BX/XbXhX/ 1 

& 



V fpj jl 



ft z ft v JE3C X 



7 i<. o 



/J'y 





Vox G 12, P 2 (^x) — ( 1 + 


zft) 


2max w6£J I z(u) 


Pxft). 


w'Aft&mx-xft pi XR&xmxxmxft 

®me 2 , ft X 


E. 


N 


^ ^ 0n ’ ^S n 


n= 1 
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Ei (j) n • A S n + 


n= 1 


2max w£fi |^(w) 


AS n = 0 


n =1 


ill F I'. AX«J fillet® ((<&, .. .At)) « A, t MtrM 3.5, gp# (5' n ) 

sitt, m 

ah e. 


M#AAAat h5Lnn&m%^nm&%tw&<t>3t&m, 
itn v n a) = h. m%mima. (k) t At-ffiAMtitiA /am h 

tt!iijw mi tftipAft m: a E[h/(i + R) N ]. 

M A It o Cox-Ross-Rubinstein H M A A t M A i& W /l M W M M '-A W ft 
Mo 


s.e r±±®wmiA, 

Aatwtik u 7imw, 

mm, aaaa 


aintA^MP£tpga^w#iAo m, 


ainiA#t“tAWtn <m 

ttAAHIWW, MAitS^AMWWWJtt 


MtimM 



I w l' ’L 


"±fc* » 


a in /a 


ytv 


^Sfsj (t^,P) IAS o ^-AfimWIfet, 




AEHl n A WAUMjt W O- fete ffijt W MAA MA/bA (^n)n=0 ) l I ...,JV., 

att a Bit o wa mmn^m *-m, # w.= 


0 < m < n < N 


Tn C Trn C Tr, C TN = T . 


JA AtAIM IMAMPiiAN (A7) At, MAt±AM» P A 

to a^aintmffitatKa^tt^inawiP#- a-mwAM® 

$IAAWo IMAIA^S® ATMMa^W 

JftM, ffi/t At Q AWMAAAM r-AAIAM JAIA t, 

titAiA, /lArf ill -A iiiNIAiSciAt-tM-ttfiiJA, AM-t lift-7fllM 
Wo 0 j!|;, T 0 fkAiLAPj-Mfiit t;Lt {0,0} (IA A “ i i A ji fl ” 

a“#aaaaia”)> AaAttMiTt»A i miwawiwa 

AWMI'K At, a If'J M ft f E # A A A A AII A A If A (“ /L A # A ”) 

AIAAApE®Jo 

MMwm^AMAit ammo 0f ihrt aw^mj om ± 

WMM X AlAMAA/i: n AWtMlA HP M J-17A-Aif c, 
(u; e O \X(u) <a}cT, {X < c} MM Alio fE 7 tlAAAW 


v-m T n , ainE'tf#pjffl72W^n-M«Aim^iis^o t AAPim^ 

t a mm-m a m 17 m m a pi m a ai pi m t u a tain a 0 w in 
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(■^'n)n= 0 ,l,...,AT. 


iSMfi (S n ) n 



/J l> 




* {x n ) p I ki. 7 
S, 13 


pi 



n 7 E^-Rl'«Wo 

( 0 n) l"J IT 7 X % > 17 7 =\ Ii A" , ‘\A 7 H n 0t 7J fcf W{t 0 n ^n-1 -rT ill 

Wo itm^rntT’ m(M n )&vsmmx, Bp^^a®, #M.m 

£[M n+ i 1^7] = M n , n = 0,1,..., N - 1. 



W PS rtill o {Q 7£ 





7/ “JL7- HaE (almost sure, a.s.)”k£7, BP 1 0 3M] 

I . nil W i'f tf> 7 7 7 J i j :j'U 7 fiPS WIlk 7 7 7 ft r 7 U\ g 7 7 S 8.1 W 
0 ]>i' 1 • a) Ij.t'ji n i 7 y 7 ia 7 m .> 

q| 1990 7 > Dalang-Morton-Willinger [7] ill' BJ , i7^/E@7l‘ 

7^7PSW»7fBHMlt7:, ii7l')!J7] AUm J'i ,, i7 / 7,'77J ;i l i . 
WMfl7MW»it7Ao 

Mito ii, inmmmnm n wxmm*Mrfc 

x&\m/± [7] 7 puska [is] 

77, 7 fJ % 7 ill Black-Scholes IJ & 7 lit 7 A & R- it W M & 7 
HU 7 Wt 7', tl f± 7 Ot 7 Mil ft #' 7 f J 3£ H $E 7 $E 7 /E i7 H M - Markowitz 

B^t^7arj>7M*WJS^7T^MAWJS#o mX 

HW, 

M@4k, 




JM, 



£“i£*£Kr W 








a73an7M±i£W Hilbert Sl'H] w ^ 

Hilbert £fS] w -M ^77A»-$l7 (7AP) 

hW - Jl AVAIIS i7 7"J'lU) WIil)L7'V:7f7, 7W7;7I^7 N )< 
7 W77A^n'Jffrf!iWDL77o 7:ff JW7fi'ji/Hlili!/^ili 71777 M 

I: W 717 Hi Ik p 7 Mil 7 o fel !737 7 p kk i'll ii- 7 > 3P7#7E m e M. 7 
TrikfkHf fl x e M, W p(x) = E[mx\. M/± i'Pj ii M 7 i7 A 7171uj 




W^Afgo A 7 7 fuj 71 uj 7 7 M 7 W A n -BTi1W7# M n BiB)& 
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nmM, H B r-A|uj UX PTITj, BPHCJlfH Hilbert 

sfs]o fxmm 

M = M 0 c Mi c • • • c M n c M n+ 1 c • • • c M N = M. 






(■>■„) p$xxxm&x n e 

M n (n = 0,1,..., N) MMIM, X A H U ,1,^ /l : . ft t M M\\'i fi'l. „ 

xxmirximxmxxx m = m n ±, hht± aa = r 

, 0 <s<t^N, Mt T.lftfi'i/l: Ms 

o 'gffj&XM: HM n HM m (AfM) Ho 




mmx- w #te? f^ir^nw me® 

£lo ITlJH IF. X Hansen-Richard [ 10 ] X f FJ‘HHfI HH fillIT ffl i'll) +.X 

^acurjig^, ^mmwT-. tstoo<*^w. *p& 

pi' Mt M s X JL-X&lfX: $ mi e M t , IA 

Va: t G AR, p*(x t ) = ^[m*Xt|^ r s . 




hit xi j- -hH-paiTjm m injj&, 

mx. t tp t +1, ainnr^HHHirwpimiJTTiH^an: 


PtHt+i) = FW+V+ilA] = E t [ml +L x t + 1 ], 


t+i 


\ _1 


x t+ 1 7E t + 1 0^j |5t( (^i+i- pj Vj/10) ^ jmL > E t J~t 






^Tilo iitin T± FI H - IK IIM A ift If A A N /i: J- H m # 


MTP Markowitz j£j H — X H Iff , {1 H H If] Up IT H Yt? A f I IF H i'll) I® III 

Mo hit, mxx, § 

M^^*^rHHIlS^^HH^TTHHWIKlT]#-Ho fil !il MAM 

ilTL», tmXMMX 
“M^IfKtDT, HHMfin>j”P'JT.;, IfiA^lfxMlJHTiBf A 

lifo MM, .I'HHaTHH J-: MXii® MrilMill 




I n 





5iJl z t , W E[z t pt\ = E[m t+ ix t+1 zt]. iTHiilJp ^H#=5^T J , M'^F* 

M, lAMfcWnTt^HlT^ifif 



Ml 



. a*, xmn&mxx 

mm, HcfjnjwfflH^iHTTT-t xmfto m* z t ffixxm£wo im 

M, “4%M t Fama-French 
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x- j iA Viiiih<jj 1L -;}m&>>[#/]• 

Cochrane [4] 0 

m-. m® Ef&mm, tmvt 

mmmmm, mtmim 

p(x) = E[mx} m ® “M” m(l + R) N ffiXl^HrM 

^ fyk ill Ht X'J j£ 4K >¥ ill St ® PJf il Radon-Nikodym # |jt 0 X 4S $P itb, [±1 J ‘ 


^ ¥1; i'j Ht X'J Jil 4K $• ill jSfitJ0rifi Radon-N iko dym # |jt 0 X {0 $P itb, [±1 J‘ 

mm, »j-j- 1 (> S ) 

fh ®JJc!a( hpA/i: .s 0lHJ®Hr4tXEHr?4(<) 

j£: 

Ps(^) tt> L/1 , mTV X t 1 


(frir[ m(1 + fl) (TTSrJ' 

Hi-bl£ Hansen-Richard 0f Jf£ X ® Riesz A: X X M 10 tb 4P» He jf J f# ill 

P*(x t ) = £Kz t |JX] = £[m(l + Rf-^XtlFs]- 

(v. ^mxr, 

IS 4J L H i IPl IX f l'l<j “ ±i 4T ’ £ 4k „ * itb X ff ® “ ® ^ ” & * & ® £ Hr 41M 

<S Jt & Jt 31HHi JA MX:ii HI 4g ik L )A X 

ft fi r x Hr 41 M iu M j£ M Jk ife PS 01lS ^ 4k ® 41M„ JXHIAIM® XiX 

ft JA PJf iS “ 5?H Hi AS ft JS X /E Hr 411 M (Intertemporal Capital Asset Pricing 
Model, ICAPM)” „ Merton [17] Jftmmn® £!&¥&}&&&£& 

xmmxtnmmfti capm is0®«4ki?®± 

-^xi4£«4k®5#jE§. 


0 M. Black-Scholes TO^AlA ([2]) X 1973 X H Ilii'Ut. $fi $fi A A 
*1 &&&&¥& fchii;#MX pk^° M Black-Scholes AX XU !!• A/A A Ud K 

An<j. ®fUA8.2 ■4St0fyii£W-®J955l±^^aiMIKl-^S I H, "mri Pi. a 

-aa m tu m xx m w >%m . pi 

Alh lt41Pl$t ' 7 l 0 Briys-Bellalah-Mai-de Varenne [3], A IIP fi i£ fl M 1¥ IP W It tH o 
Black-Scholes flfj ^ * iP £ H ib PI # ^ S'J - ® ml A W X # o 

fi A Black-Scholes IP i{>Ii ; j C ft .f!l|7 id 0 i]i; A f nj IX)I j “ ZkW'v !V 'kB'ti , A 

1 liVclAliXcl- Ail?.. fe«W#41^Hull[13], fll AJPRP^Xiri'? VXnXMi' [8], 
[9], [12], [14], [15] ! Black-Scholes IP iftlrJl'/l-X.. ill J IP? l.lRWA- [12] fP 

[i4] [8], [ 9 ] m [ 15 ] 

Ao Xil Huang-Litzenberger [12] ft 162-166 JpAl£AWfgST, *J t XikPl 

AWS®Ami-JJMlbUXT Black-Scholes 

A .A., }£ A 41L M X M A 111 fj Sr d'i iil X« 
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fell'] iff ill- SL iff i: H iff A A IE k A Ki I. A f| Lamberton-Lapeyre [16], iXflff# 

ffnAYliifMfiStff Black-Scholes Pi! iffiff $[I.iff H 

IPX nmitMii Baxter- Rennie 

[l], i>. BfflihiiMYHS f-ffi fiffXlffliX. OiBJAf t^lffiiiA!, m- 

Pliska [18]. IRS [1| JHX1$ 

lf«l# “Mm 


, m Black-Scholes A ^ M '& A ^ ill. & A t£ A iX 1 


A- 


Jy 


B 


X SE BJ Iff f 


Black-Scholes Jg A iff A ^ *e 


>> 4 ii ^ i. H ; j. a x iff ip & in m * 

W jo it 'if o IS — X W Jj fkiu Hi W \$1 Alff ff Iff BJ H t\ill A Cox-Ross-Rubinstein 
[5] Iff X Rendleman-Bartter [19]. it—HE fff3 Yffi A llff M tr H If ‘St Black-Scholes AA 

ii il.'iffff Q'Ji'/j Black-Scholes Jliff 

miT-mimj&o Cox-Rubinstein [6] iffitff ff ® MM-AX 

If, Y-: X m U A Iff S if> f A A iff A A if & fig til A Iff. H X X it ffij iff 1 
Ifo M J • B M 111 X W “ X ft ” iffii#*iX, XMii it AI $ A H #31 & t*. 


m px mmmarmmsx, n- a ma m ff x sia 7 m ff 
& , fl i M n in M iff iff 1 » PH J 1 X PH X A tt B . iff X - /t It A & 111 nj iff *J & £ ft A ± ff 

X All., it IE XHIX ff iff ff X AffffliiiXXff M , Mis 

a, apex six apesahei 

A m nj' iff Iff A “ A # ffij m iff A R/I AI/rMA fff M & A Iff” WII PH. iff iff A PH (X !!• 

in it ii m iff rn it )B.) >m a ue # Ail a ph n a mm rxvtm aaji ^ 1 # a . 

a 


l5 


it a s w a m m fi« m m m m tt a iff m h y a a iff 0 in m m & ix ^ 


A'MES^ 

Hansen-Richard [10] iff ‘RAAPA ffffHPlUUffilH APP.iff nj 


1=1 


o llje 


'i 11 iff ii i i • A XifiUffAiffiiiiAffffAAAA.. 



1. ft Xn at Black-Scholes 



/\ 




2 . T^t'Jitlif if 



3. |fl Black-Scholes ffit 








/K 





sy 


iA ® # If ff 





5 9c 

fas’ 


li'l 1 V irAiffrtijiVfil:, is f: If if % vega (AAAMf I'l'iNf; Lkfe 

A /Jt A A (lambda), K (kappa), P Jit Xu tii’V 'f I'4 rho iflA^o if I [< Sf 

Black-Scholes A 5f, A w flSMf 

» w # ft * ft fs & m “ # m-¥ m w w ff ffl o 
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mU Mf£ft 0 {S^/A Black-Scholes A V ^3W, 
H fi ' aE fj' <)<■/<)I\ <0? 


:A b 


5 . 


mm N = i^m^ 




%mit 


e. ;a Bkck-schoies Am 

3A«Am 

% ft U "A ^ - *•> ^ *¥: 6h US » ? 




7. (Am At) ” ? M ft- A J'li m ft .A IA ft “ l li ff ft ft M A 

m if” man ? i-'-j! t iAMfnjAA>j< w ? 



8. CT-m% [T n }l Fn-nSM WMlM? 



AL1> 



/J>» 



w, 
^r ✓* 



? 





VHP 











io. satftn {</>n}, ^nnm ak+^) = 

0n+l * ^^n+1 ? 


ii. 


vC? A* 









? ft^7§RimftiM? 



13. )ft A 1 











? 
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9.5 lASMMtj*# CAPM IP AP I 
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a ? it am a Aft^ am m & tm a m mm 

W4AATA7AA ItffllpUit “AAAWARMiiAAJf«. {iM 

EW’WAfMAiAArrijL Hitk, -AA 






AAAAAA 7J fl A, A ff 7J fl A lie ft I# ff A 
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xm i-«jia /;haa amia m^sA-x®, m 

itk, )A & A A A, A Vi I^AAmAIA MiUlitl'A MWA&5U7 
A, 3PA^«A3'JlftAo fffI“AMi7” (&Aft&t8:&iCittl£&;t 
iiA JKftflRJA MAMmA* 

it#MAlllMAAMMito ^iiMIl^ffi^flr. ft* 
XfftMikmil'.JAttAmXmmxt, M£FAlicjn*MWMo «P, 

A A itj Grossman-Stiglitz ff it ([8]) A M ± A IE ± i7 it SI it (7 $& ^ it J$ 

6A a^A^^iAAA£t±SWt|nrit, JMAiAf A:H7Ii \:A 

it Ac it A, AStAjtWWW, ititAAAito II, MWlf W 





A^AiJit-ttif, 
liiAIM/itA I'itit. fiI -c 








tZ. A/’J 7V vVAA ^i' a u ^s: m ii'j«,o j ;H: it A If Of A 
e ®^W5t#iftlfBfA#i7, 30 A it A A 
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A#A, 5t#WAi7^mftf[^MAit^7c iiPitk^^fcjt7M 
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w«:Mi£(ft«£AA,io 
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11•:/i: x -ficif j tt si t & m ii j Rj( fta m x <r xm a( ft r m, mxm§ 

a a r± “ a 
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3 :,L a a pic a ”±o bp imx “xmxxm rt w ”a 






'J i5j 



AtA I., 100 ii 
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iJT, {Si 8 Hil^ 3 fcH$*&« til lie A 


A, A -AWIAic • Afi 

Aito Hitt, A^^A-AAAAJto a lie A 

A, BIJAAAAA'JmA, iiiA-AATTi^AltAiS'c IrAAStiAifta 
% A in fi A A a A ± A ira Aif <> A Shieifer (ft 2000 A (ft Arif [29] A> M 

RoRf'Ri^ (Are Financial Markets Efficient) ?” 0 R A 

AA®arIlfHIf”, a 

»m-W(ft 

gfeAjAAA^aAffiW-^a^il^SASA'AaAAAif Ao 


9.2 -xxRitmmm mse^m# 
A A A A AAAAc AM A if] A itk R AfftAA ^« 

IfiAiii. A/RAkA Bachelier 

1900 xmRRo &MA^f[Htk)«iA(ftiAAR, i) JlAA/Ti iiRiim^A 
(random walk) (ft M ifc 0 lARAf ARfftAlft H M ft A ±— AI A H Stl (ft “ — 

AM” o a>h-AMtiMAnrM^MA-AA-^m±titT(ft^(ft 

iiA^lfflS'P iiIHl.A AA^fiAiwA, AAA N fiHMl'X 






A A AJ ihi A IT (ft A /ft, 


jb, \mmmmRirti z N m/s 

3PAainnr^ma#(ft®m#AA-A®miffia, 

SmaiAlMiA iAAAaAiAMiftfAA: 

AiftR AiiiiltAlu] (“J^) AAiftMAfi: (AAA, AAA-A)o 

A#, AaAA#AA#PA-IAA: (4ftt Ht^iJ 

M) S, MAAKiJAAlRlRPBAjEAo MAc 

fJlia-AKAA-WtmasiftmWM^- A A R In A, A t “ 

w A-Aio 






1 A Lo-MacKinlay [22] ffi , JJIlJMMSIS AfJ. R#£A 

bawa^juiAo in^m-“&m”tiixmmm\\j, # 

A A f!<j rn A o 
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Brown fe sjj JK 5 ^ H fp 5 ^ $r jA A $} ^ i? R. Brown (1773 



W, ,!_> . 

^7E 



1858 ) ‘&im¥±-v\jEX 

tuTttrAfJ^Rl^J Brown fesjjlAj 
Ait Einstein (1880-1955) if A A 1905 ■ i• X§ ,'Ii |Xj, 
if^ai'nJMo Uhkm%l Bachelier ^^LikX^B, 

% A A Brown feAltX Hi M A' aE A W it Bachelier, j fit ft A ft IF A 
ic, ftilAhX'i J‘ Brown liAj If A §fiAWtrASRPIA Einstein ||Ao A 
{S#0itfc, Bachelier i£ AE itfc 36 filli ±, if A±f$~fAtX Hi^AtJAXXEft A 

a (jAL±r#)o m 


t£ Brown fe zjj, 

WAitIKftlAfei&AAftit Brown jSsjj* if M ft jo Xt ¥ <J W KJIX aE ft A 
At Ju AM I hack Sel.oles AAflAAA, II, ftk fHj W & #J M M A Rf 



Bachelier 








^A. 


Cowles 2 (1891-1984)o ftk A± ftk 1933 AAAlhJ AM>J « J&A ffl ill M- tn 


imm? [3] *, MAMfgffJriAf/, Jtftfi^ftit 

if 1965 A Samuelson Ah BinfcSS 


A A M y|j iAj o Stfjg, ft^MAWfc 0 

Bachelier MW%UJ5, -MAt << ft if XM ft MWffi 

BJ»([28]), itMMtifM (properly antici- 

TfTiS'fixix (Efficient Markets Hypothesis, EMH) lAj A'/A iil^fi J ' Samuleson 0 
MB, AMFama A± 1965 AAftM A «» 

ftMM»A>> tntA ([6]) 0EAA»tAgA <<jwftMfTA>> 

, ja [7]) AO 1970 AAftiHjit&itA [8] o £jg-HitAA, {tilMilkH 


Hi: “ft ft A it ‘Afrit HA RT A A ft H tjlijlttlA ■ fX At lAj (a market in 
which prices always ‘fully reflect’ available information is called ‘efficient’)” 

c A± Fama lAjMIUtA [7], [8] If & A A Ah if ^ «f»A» fMAAitUXt 

M A Hi A Robert 1967Ait 

1. «***> (A36ftJ0> Aft 

2. A^iXf $i: t, A AA A0r XixxJR XX li) Jt # f # A A ill iAj ft A, (A 
lift, 1 ,!.), AfASAAfrAA; 


2 A &ft 8: f M M- SIIn $F ¥ M- Kl & -*?- M 'ffif XR XX iXj 1A Cowles 

Ft $M ± Rf ^ XJLXlj o 
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ill £ & A $ $ £A M W -- A to “ JC A fe & A ms # “ X A a 0 ” A 
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AtimAffiMWitmii, nmmftm%L&, mwAWAAAit jap 
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smainw-i?AM^ 

(A Ate A 

MA, A A ft A APIA tAD§mWPgWtt%T)^iirA#A-A^M$ 

sis, \rmmmm\i\immkMi ). 

ifuft J'-A€M ;/ f A i&, Hitk, 4n£tB&&i!l (i/BI) 

3PAASAJ#Ii&MAo AAlxHAAAB:, SPA 
T'Jffx AA A jf A m A m Vt 3 

AffiAA^tASASo Fama (ftft«iiAAASSAMli (S 
M A, if] A A A 33 Fama I’i'j frA i{> 5t |‘I|JM A Black-Scholes TSifclP Ross $J 

^AAiirAAAJiBfr- %mm\w&m%ikm\\tfemmmm), 0 

lit, ft A 33 LeRoy [18] |ft lit ft o Fama ft 7 HA ([9]), iS i Af- : j fAA li 
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LeRoy ([19]) 0 ft A Fama lAMl^Aift'SlA 

LeRoy BA Lucas [23] MHAA Mft 

Sm^0ftJ3HftlftlftftMo ASA±, Fama AitkirjiKiAAAAil-AA 

Ac mAjliAid:MAAA-ifm^Wii« (Fama 5gijf“A31if M ,”)« H 
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AAiiAAASiA^NAASAiPIA^Ao S-JMSMWitS, is 


ZMJg&Wi&Mo SBiAAA^AiiiiSgtBAAWSimo mm, 0 


mA-W^A^aSWAiKA^W^A-AAAflAWAiKo milt, Ross 

iftJMicA/is^AftfflTo 

ittAh mnm, w^^x^jx t+1 = 

fi + x t + £ U A A 1 £ t M Bfti3 t ^im , AJL A t A ? ft 



£< A ^ ®A]5)Mo S#teA(M«t£A ^ O0i, AAA ft 

-MAiiL Pfim^AiPI^gtASA^AjAAWAA^iA, til A A 
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A %1 W 5& W'MI: ft 
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PI JA til A >u 




AASiA;tAAni'#AAti 
ft M A -1P m ftftiii# A ft ii'J A mJ' ft il 'ft, 
M Lucas [23] f| A - A fiAftiftifti ra IPS -mi®] I'M ill AjA, ffftftft 

AT A bJ ft ill (ft A ‘A f i A (ft ft ill A A <> H jib, A Lo f P MacKinlay [21] A 

1988 Azamat, ^iAWiA)ftArAWPim®TAigiS#Ar«'BfLjL s 

i@.mfttiiEMAirj0Tit'Sc &Z, Aft 
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iEtummm ffi mn, m w&#i*t umnmx%mat x be #^& 
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jgAWffAaa, 

Nff't, /AHi£±3M, 

■v ffl a: g x-j • -t a a 11: f 

'Zmtt'k&W&'ZMftMiEfttoo ix;rr A, 

M, tu^mu 

ffiMwm&mwm m, (bp^&#£« 

^jP,?) &W3I&, BPML 

JH*iAA, SlWSfc 

fii&JtA, SAAtMAPA il/HA'iOliA A, 

M#o Fama ll lAv fi A iji Jlllb) [10] 

Jlfl&.ydA f’HflAft A'I If ;A ;!$ o Wi-^^mmUXto^ Campbell- 
Lo-Mackinlay [1] |’:-J-A • A lA tfAiVL H: flf' tf'l M llFI ty{ if]fA <, fllj. ' 

mtomxx, 



mmxmmm, mha^i 

iiE #^mto 

^git^w mm tt mxmiw< 

^aAinwsffic 

fE 5A X ff % %£ X A “ # # ff A (event study) ” 0 A # (ft A iAIcJIP^ ' 

m mmmm imtrmi■, ii. &xm±Mxmm^%i, bp 

to^^n^to, miRmn, \mmm\tuMm, 4 # 
rrft&w w fuj & ■* x* ffr ^ ni a x, i 1 x m & pjt w a a ft m ®sm 
mmmffimw &»i<> &# “ ve fi” a ae a pi a a #cti§j i aaa 

X^WM^MAlfto ‘Ji-A l-, 0fATAi£ffA##AiA#W-A« 
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Shiller A 2000 AM 
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Cochrane [2] |ft4lA7, i4#AAB “tf I” &} P 








iCWisfc#—#4Fo Lo-Mackinlay [22] l4j45^Ifc 4k 4A4 j ilk Pi A o $c) [25], 




“:§4£i5A*, AinBM«JWSIiMiAA 






^^^4444-14^. 

^nTMilWc MAa{n^iAE^4PfI#(H]iBt£lA:D!AmW-AnrilW 
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A AAA, taw, 

capm a 




A, ®rjW4iJ4±4I#lRWrTTT^BS®ilT4^'4- W® 04171A An'JH 
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ffiftftmfrZ —”/± Malkiel [25] fp Shiller [30] 7, IA 

“fitwt”4 r“A@ i7 

WMm”o xmak Shiller [30] BA X AHi®APMW A WffilA P4 
7) 7 A M A 7 7 A If] B M A 71 71 7 A 7] 3417 A 14 7 7 Kahneman IP 
Tversky |ft ff A it A W @tl A o Shiller AfdilM'i A 7 A : “ A f J 7 A lM M 
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M Shiller 
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it 


9.4 ACCEiiAMitait 

& it a in & & a ii it w in &. x £ £ a in imimMAMtii 
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$F iij #J 11 ^C , i MJ it &!: >>. j' ill it It o A Magill-Quinzii 

[ 24 ] fi, jiritait -maiam, jeriisr^^^siii. MittM 

a ie irir a w - it ^ ir a it ^ f# ^ a it 

iait^nM H 

A AMAi'iMA#/r [24]o 






WAHliA 




o mi-l'nitaitYh/nt, tiEit±^1 ill (Rational Ex¬ 
pectation Equilibrium, REE) „ &M tf !c it] IK Mit M # A /E X IS ft A W if 

>UP AM o 
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AitmAPA ffflMH, i/iArliAPA 
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^JtMilAi^AitmtMiAl^, AMAin-«rWi”MM$[^M©c 
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a a it fn a it m a a a m a a, mwMAi^iAfmMMM 

it It H A A (i/(i '/il ft: it • I 1 ! 1 AII; <, Al iu , A Markowitz a it M, A Pt it A 
A A it A tl 1A li'J it .il A li'j;; A:, A^A^AAiAilM (CAPM) M, A 
(it A A11 1 A^'Jic'j» A AM i»J IS A , Arrow-Pratt A Ml it SJ3 
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ta#itAS^aM±WAI? 
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{AiJlMfrMMlC ®S«. AJ!AfmAXAMAfJSJ»A 

«cit. A-]aha timmuzm* ti-i^ti«^fAaft 

mc^wca otw^ibM. mtzm> a^cmaxa^-# 
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&B|, itk 4 h, fnAAfiAJI' 
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A, #^J#aTN#W^mAANJiATWANAfflo fMWWf 
mAAAAi®"Ap 3 i^iR”s#wffi^o 

#o MM, {ScCJMmsCMWHb 

4 flife> A A A A A A A 14 A A A if] A M A A S'J M “ If B ” , M 

i-^Ifl MM 

cmma-aica, aw a i 4 a#wiiT, 
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J[ld* 


, ia !HA'A rxiXimiu 


CMtAiAA: M A a A W “ 


# ”tf W “ fll”i^ 

/i: i •. a a Hi 1 x«j f'n m w a m i ■. a * !ii v. „ WLft, “M^m”tfmmmm 

M-. ainxi^Mct^wM 

MA? 

a A A in A A A A A A M J l IA1« A A A M 
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I 'i^yii jo o 


wAii. fiA^cinAjEiWMMSA^Anrt^AAWwatt^tw 

TB^vmmmo wxmm 


Jlh ' 



AV 1=1 

& AC 




>Hi' tTv 


WMn. ATMA/gja, aMAAii n M 

“XJlX^mm^L’X “A/LAtt;AC- 

AAA #) io /i: -ClMaC 

T, 0fAnJ'MAAW“A# w WAC^^fi WAW-MAC 0?in o M 

<r-«]|}l fi WAilMtWWilC, 'bAfiWA, ACHApAHC 
AJ ffi (BP “ 





ff u 



MAlnAMBtpAAA ^f|#At4, If Iff B 
# A ^t4^|J|f#). XlAAitC^ A W^lt O Hj 

^wa^AiM^, mm v-mRtmxxm, bpr^aahira 

a if j a = {0,o}. ccAimc/ijAt 




#: Aff 'AAf 
}P ACtt^tk^tA” o WlAWAAWAIIo CC, 


CMAa#CMAAo MW-itW^AEJWAMClAo A41 /rill, 
WKAH WMMAIgAMAxAM W-ftAAiJ, BP, fi = U=iC, 

J.x| AW M i A j, A n % = 0, at# A fii Cj it {p Ac 0Ct;;A 

PA 0fiB o ±W1s.tll, lie A A n ±W^A <r-M, 




xicw n awaaiJo mm, = {i, 2 , 3 , 4 }. 3 pa n w-ftAAijct^ 
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ft' = {{1, 2}, {3,4}}. j»X®S® a-i&M r = {0, {1, 2, 3,4}, {1, 2}, {3,4}}. 






AA ft ±®MA v-ig Tv rn t 2 , 

aamw Tv c t 2 , mmm t 2 it t x AnmMAAmns t 2 
vmuMTv u ^^mtUT. %-im, aama ^ a- 2 , a 

mm a n a 2 ataajm®®*® <r-m, 

M*; mTvUTj^m^i&^-TE&v-m, n 


m ® “ a a Am ” ; m Tv u aawmma- a a <?- 

AimnAMAr aaaaa®jra *-m, aaaaaaa Tvut 2 , 

A IX- V 


3PAA«n«^#®“Am:t^n” o A.VA F®flMA, ^nxst^r* 

?&<\ -aaui t\ m'a i ataa#® “ ATHtm”is$[A n?=i t %a 

in Jr w m * m w f a a m m *mm%uL r • 

-m®aam®maa, mm^mm 

^ill”lAATA AAAA • XM'I', N^mh IJPAA 

&A 2 " AAHWjAo A®iftfi® a-feMAH 0 A 

iMlEMAft Ajt®MAA3t® v-ig t 0 . iiuW r ^-TZM ®A k A® 
tm T k jayjiffi n 2 fc aahaaj&® *-m t h . m^mm 

it A. A® o--^ (AAA) tlfilo 

AT AA AM AAA, ailA^fflAAMWA^ATAA# 
fllWAIt5lo AfJAITiijarjAAg'fiTAWmfJA: AAA 
AAMA^JA A" +1 #A#, SAAAttrA, ifMfffo A A 
^nAmAA^AAAAliA®, MAiAA^ATAA# * ITliT A 
Ail A® AAA ft ±® a-^c T AAjA® AmAo ffi# k ® AfoAA 
pAfc) WSAl^I, IA- AMl^JI (BP S m)o A J ■ A A A 
Ajt ft ®-#Msl (AA-#® AAA/& ft ®-AAA), AAMA^t^ 
T^ASSWAliF. AtA“MfA(AAl H o iAATMAA 


iTj A A A ft fcAAA 2^ A®S:J®® <?Tg t n Mi 

A i Kj A A i Kj cr-t^AJ 







‘gLmxmmmmMo ^ skiatii ^ m . 

/'>&-»f, ADA ASAIMM#AAJiA®o A 


a£ 



A * M A « ® A j£ A A - A n 
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AAA® A A F, ftSE# * 4ATAA LUM' ^ A®T^Ail TAA 
MAM: 


max ^[^(A,^ 1 )] 

S.t. Z*° = a / 0 - J]fc=o °kP(Xk), 
Z l1 = m + J2k=0°kXk- 


( 1 ) 


AlAA®ANA^AAB^A#^APimfi®#^- H-A^5«A 

MI®IA. W\ E i A A T A * ®“±*S$”T®fTlIo A A 

a ,.* */, ^ ™ m A A A A A T A A 3'J, A A +H " A A (A A A 'A' A * A A 



A A A m A 




218 





P 



A 0 





w w c in ^ a-a a° w wl a m m w * # 
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%-im, iitfap(x k ) XMF p -n! MS* A 

m z io a u tv- or mmm ,„ * xaj- a° pa'ama-”/?/ 

$, * 

Mfli&W / AdAmffl 
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atr (aa ^m^mm^immm^-mm: 

1. XlATftfft i = 1.2,.... /. 0* H "'i p = p ET'tWlnJIS (1) $J 

2. A + 9 2 + • • • + ¥ = 0. 4 






m^inUM r m ^ m^mminMM), 
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mmm i^a-aaapa {aT§M^«£, 
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0 < ti < t 2 => Tn cf,cf 2 c X. 
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r« ^m^Rraasfg] 

(n,F) *ftfexrmmw&v,w'Amfttom-T&mmm&iWft, a 

tit. A M, ® F 0 (F 0 A 


&& a in 0 ), Mi7#»7At7n»;7-®ip#o -jf&^mmw 

®m£-#- 


MIS- AAifij/iAicfmAll'-^'l', ‘AM-f'jiA'I ^fA" 

— ylv 



NftfcftN BIW-A fcpfli. 


WT nTilSlA (A,X), infSilttll (HP X 'Jr,il $U\ : . A ±® 
nr ill M, A xr J - # fnj -A !7 C, {cu G A I X(u) < a} C F, i£# i/d (X < c} 


T A-fl-) ril!(i(lnuiIV: (X t ) t> o (gp*f t, X t ^i«i) 0 —I 


yfv 



i±fS (x*) XT-'flSl^W^GA t !-»• x t (u>) M t iSli, A# A 

a XT A 1 iff # Tfr rir ® IT A i 7 ifc tfe fi AT ^« 

-Ait®-#- ain®#A*in^^a^afio mm±m {x t ) t>0 m% 

A x t M Xt-AMo a )k M Ik it 711 *J a-WM 



BP4" #X. s ,,s ^ t) = Ft X s (s < t) 5Bj7Atb(£A®*#il 

Aii-b, miebitW®» 

fi uip nr a m a i#r a a nr®'i#i-7 i'«i *ii-, /am 

iP^ainw/EjwM 
iinAxrarAterartwpsmArs^ijL “t t 

0*, ticfmTir^wriMt 1 - ntum 

MAM/ilSo MM- t: 







M 






'M'l 


7If?-it®&ft11M7, t£ #A#®Afh7 U -MJ^j##M# |! J 
tbo AiirAAAAArAA, S/eMJMMMMIIMMIE 

AJA a# 


®a#rim®a^rk, Brown 



Iffll 



A* 


® (A,X,P) ± 



i {B t )t >o #7l Brown 


^1 Afa : 


i. (&&14): (B t ) 


2. («* WSfejfctt): M 7 5 < t, M y A B t ~B s M Fs = a(B u , u ^ s) $fe 

7l; 
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M S < t, Bt - B s I.J B t , - Bo W|W |#m 


TrJ Uv\ : m , M (B t ) t> o £ Brown feg], B t — B 0 fit, Jj . 

tj c 2 * -K^ \i iR cr MXiiP o < t x < • • • < t 




• ! - % 



5o = o (/i: fliti”. 1 WmJJCT (a.s.)), /i = o, (J = 1 ® Brown i 
gj fa 5H Brown fagfa jg $c if] ' ' $£ & #1 aE 0T i J‘ it W Brown jg sj} Jg fa ?£ 
Brown igzj/j, |nj Pi, fa fa ‘j fa fa cr-J^ (fa 

J$, W) IPfajfal: 'iifa it Pi, 0f in -Tfa Brown jg fj] fft j§— iff hv v. 

JiXi =f- s <t, B t - B s T s <fifa o 


Ml fa Etl it Brown fa/yfaj/rfa 

^fa’ 




xifafa (^t)t t o liiMfafaM (fi,^,P) ±M#LiifI, a in 

I* (itM“^iK”^RiirXi J iifnj t, E[\M t \] < +oo), ^^Xi#iif5T s g t, 
E[M t \T a \ = M s . fafiiiik111ii>i: fa l-.wa-p hfafa M j-fafitt (M t ) *ijfa 

Doob 



sup | Mt | 2 

O^t^T 


g 4i? Mt 2 


HI fall!: T i- Brown igfa] fa fafaj»/LM; BP&iHW: 
10.1 ik {B t ) t>0 A fa-#fa Borwn igijfa ^ t 


1. (fa) A fafa# 

2 . {B 2 - t) A AAA 

3. expfafa - (cr 2 /2)t) fa. .fafafa 


\EW l. Pi, fa-fafafafaifa, ifa£[fa-fa|fa s ] = 

E[B t -B a \ = 0. Hit, (fa)fafa- 

2. fa fa s < t, ill 



E \B 2 -B 2 \T. 


= E[(B t - fa) 2 + 2fa(fa- fa)|fa s ) 

— E (fa — fa) 2 |fa s + 2B s E[B t — B S \E S \, 
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WMi (Bt) E[B t - B a \E S ] = 0, 0] n 

E [B 2 t - B 2 s \E s ] = E [{B t - B s f\E t 

m iii m m ¥ it m u m t4, n m 


E [{B t - B s ) 2 \E S ] = E [Bl s ] = t-s. 

Hitt, E[B 2 -t\E s } = B 2 -s. 

3. f XX.wJX $cCiW 


+oo 


E e x a = 


e A *e 


2 dx = 


Af 

e 2 


nn, s<t, M y A 


TD (J Z t TD a 2 t 

E e aBt - E s = (f Rs ~ 2 


5 -E [e a{Bt ~ Ba) \E s ] , 


AiLiilX B t -B S M Es m\Ui 


E\e a{Bt ~ Bs) \EJi =E \ e E B t-Bs)] = E \ e 


(jB+— 


t — s 


— J7J {D&Qy/t ^ 


C7 ^ (t — s) 

= e 2 . 


HlAj 


£ m ft it w r, m a m m. ii # m a m & u m & m »&0 t w ifr m nr 


v n (0) = A, + 

3 =1 


WlRAo MAClX 

-mm Brown ii^j ift/L XJAA itt $/ii| 3P £ £t £t A WfW, AXXtIH 

Mo M 1920 Wiener (ill f Wiener 

WXflX Brown Wiener 1940 A A 

R MA'ie its (&mm) A#lEffilJllRAWAAHito AMIMmXX 

'Amix a a a m vr o m lii-: m u ia h& „ 

A {Bt) t> o AA {n,E,{E t ) t> o,P) ±M A-A A 


Brown ig^jo ^ if] m A it M 31fi ( H t ) A AT mm A MIJIIR A 
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Jo H s dB s . $n|5]7E^ffl;fWLebesgue|R^|P#, m\m ftlM “ 

&®” (H t ) (H t ) 0 ^ T m^wm^nnm, ^ 


H t = 4>i, t e o = t 0 < ti < ■ ■ ■ < t p = T, 





^JLI> 








MW ^ 




3S^Bmf[WB)fESiJ 0 ^te(4,4+i] 

ff't i >[ \>X 11 


/ H s dB s = c t>k(B tl — B til ) + 4>k+i{B t — B tk ) 

J o i=i 


■pp , {i!§ 10.2 -jfpJfl {Ht)o^t^T ^ ^ 

i. (j*H s dB s ) $LT t -mmk\ 

V u /CK^T 


2 . 


3. 


£ 


/ M \ 2 ’ 



/ H s dB s ) 

= E 

/ 

\Jo / 


_J0 


£ 



r l 

2" 


r /“ T 1 

sup 



^ 4£ 

/ //Jri.S' 

£^T 

Jo 



_io 


4 


n = m O^t^T (Ft) t^o E 


T 


H z ds 


U o 


< +oo 


-#S3S$31fi, 

-Bp-gil 10.3 iit ( B t ) 17 J^r#iff. Brown is.-zjfyo —6^ H &} 

jtL5L& [0, T) Jitf j , 





1. :&pJ^ (H t )t<T 


*£. ' J- iX 3 


, [0, T\, 


J(H) t = [ H s dB s a.s.; 
Jo 


2. t ^ T, E [J{H)D =E\f H 2 s ds 
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&.£«£—1 (a.s.) 


Etiifck, mmMH 4 1 Jo H s dB s = J(H) 

TnvoobTfm^inmj&AL: 


E 



r l 

2" 


r r T 1 

sup 

/ # s dS 5 


< 4£ 

/ H 2 .ds 

O^T 

Jo 



_Jo 






n 





n = (Ht) O^t^T % M (Ft) 


T 


H*ds < +oo a.s. > . 


o 



{s£*i&i& (i*H s dB s ) 0 ^ T 

inW:{H n }cH 

iS(H:) 2 ds &mm §m, m& su Po<t<T i sl^dB s \ wipm^m j- 

O 

tf r m m m ; # a 0, mo m rt >rr n m w m mm u m £ ta m 

Ilffj I’O S '7' aE X .: 

dX t = b(t, X t )dt + a(t, X t )dB t , X 0 = Z. 

«* = 0 , 

%}%L& titii&ik o W 7Jo—^J r, iMfesjjJtJt^SJT® 

Mo te 

xrmuma^, itoae^m 



T& (n,^ 7 , (M^o-P) (£ t )t>o 3/ -FrBrown 

o to OsJt^T % Ito &g: 


Vt G [0, T], 


t rt 

Xt = X 0 + / K s ds + / H s dB s a.s., 

0 Jo 


X 0 ^ X 0 - Pliij; (X,) IP (X,) ^ x, 

T /»T 


/ |X s |ds < +cx) a.s., 

Jo 


H^ds < +00 a.s 


0 


RimM, 

t&H 10.4 41 (M t )o^T JL 

t nT 


M t = K s ds , / |X s |rfs < +00 a.s., 

Jo Jo 
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Vt ^ T, M t — 0 a.s.. 

Ito H|V/iJLf H'ji'fi; BP, 

M 

X t = x 0 + [ K s ds+ [ H s dB s = X' 0 + [ K' s ds+ [ H' s dB s , 

Jo Jo Jo Jo 

^ x 0 , x' 0 

K s = K' s , n\;-i\\ X 0 = X' a.s.. MB, m#SJ/L^£t£tW //, = K 

its vew, n 


I | 6 (s,X s )|rfs < +00 a.s., / |cr(s, X s )\ 2 ds < +cx) a.s., 

Jo Jo 


x 1—* b(t,x) x 1—»• a(t,x) Jn Lipschitz e£\Ml> b JU a ^ Jf-, \)J Bl E[Z 2 ] < 

+00, 1 mnmfrijmim-M (x t ) 0 ^ T , 

J. E [sup 0<a<r |X S | 2 ] < +00. 

>ji • t M ft 'T'. m M f * #, & (Bt) Brown 


m 2 = /( 0) 2 + 2 /;f(s)df(s), 

w b 2 = 2 £ B s dB s . m 

its 

^1110.1 n (x t )o^ T a ito itm-. 

X t = x 0+ [ K s ds + [ H s dB s , 

Jo Jo 




f(X t ) = f(X 0 )+ f f\X s )dX 

Jo 


+ 1 [‘f(X,)d(X, X}„ 


0 




(X,X) t = f H 

Jo 


ds, 


f f\X s )dX s = f f\X s )K s ds+ f f\X s )H s dB, 
Jo Jo Jo 


237 



-jip JfL t 


f(t,x ) X i * f(t,x ) -^-/iL ii ^ T Jt 


/(t,X 4 ) = f(0,X o )+ f f'(s,X s )ds+ f f x {s,X s )dX 

Jo Jo 


1 


-+2 / fL{s,X s )d(X,X) 


h - tT B M f [f ft ® {« M & - £ 
f j i'l it „ 


10.3 35ft^H'i Black-Scholes « /liH tfiBW 'I', 

* mm s? m^rm (it) 



ft ft r ftM s 0 ° = 1, lift 

5? = eft 

/| -1 * 0 

(iS't = S t (iidt + adB t ), 

H : 1 1 1 /' YR o- ’ll viv © . (Bt) ft ® HI: Brown ,1 a >])}, -licff Jft-jr. I''J S PU M/l! Yf 

PiHtfgjEfB] [o, t] ±mm, ftft t % mu 


St = S o exp 



a 


t + gB 


5 


ftft So %i%vE$?mMtjimo &#, 

bp, log^ ^.mj)m&, (io g ^)^ 

Brown fe r sj] ( Jfi — ;ft ® 7#. ®) 0 

— (0t)o<t<T — 

ftvft— ft — (>ft Brown jAsjj (B t ) ftj$® a-WA F) P'j l &ftH IV:, 
ftft ft f ° YP Ht ft y,\\ u'SmM t 

ftftftft /i: tft jpj t (Hj i/Mt ^ 

14(0) = 

dftft) = ftftft 0 + H t dS t - 
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/ \Ht\dt < +oc a.s., 

Jo 


T 


Hfdt < +oo a.s 


o 




T 


T 


H?dS° = 


H?re rt dt 


o 


o 


mmmft 


i j i rj~) rjn 

I H t dS t = I (. H t S tf i)dt + [ crH t S t dB t 
Jo Jo Jo 

Wtejjco is*, mm $ = ((h?,H t )) 



1. f 0 \Hf\dt + f 0 Hfdt < + oo a.s., 

2. [0,T], W 


= //^S'o + // 0 >S'o + / if“dS£ + / H„,dS„, a.s 


0 oO 


t rt 

0 j nO 


IL^^U 


0 


0 


5 t = e- rt S t WB 


^H10.5 i5L<f>= ((H°,H t ))^ tKiT %^.%.j£&3±&, JL^^L f‘ \H°\dt 
f 0 T H 2 dt < +oo a.s.. V t (<j>) = H t °S° + H t S t , V t (cp) = e~ rt V t ((j)). 'A (f> % 

t) 


Vt G [0,T], W) = y o (0) + / a.s.. 

0 


(&) = (e- ri ^) 
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X<J J MI'KJTTf vM'J 
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lyi^wuf ta'iunu-^? 
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fern 10.2 it 



JL^p 



l t mv^& p (L) iMt, w t = 

B t + f^dsds (W t ) 0 <t<T ikM'-fe Brown is.^ 0 

i# 


d<S t = —re rt S t dt + e rt o?S't = S’* ((// — r)cft + adB t ), 

-ficffjMJYl.Ht^H'I'liX e t = (ii-r)/a, WYfflX'J J iYY 0 W (L t ) MM 
/AM, ^m = ^ + (/i-r)t/a, 

A M Brown fe ij], j j JL 


d5' t = S^dWi, 

St = S' 0 exp(aW / i - a 2 t/ 2), 

SP (S t )#P* 

w arnMM (^) urn (*£&&) 

FT-niMMffitil&m, M 

M/MRM l-.ifir/i: Yn'jMY p f 7'>m, 

mn-i, j- 

h /i:ihj ^i] t n]'ffii± 



Mil- !jS to%h = f(S T ), W'a 



E 


E 


e- r ^f(S T ) \E t 


e 


-r(T-t) 


f S t e 


r(T-t) e a(W T -Wt)-(<T 2 /2)(T-t ) 



fel A St it F-nlffl ftj, IlYkMMYMA P h , Wt - W t M Ft 34 tL , 

v t = F(t,s t ), mmm 


F(t,x ) = E 


e 


-r(T-t) 


/ (are 


r{T-t) e a(W T -W t )-(a 2 /2)(T-t) 


e -r(T-t) r+oc 


V2 


7T 


—oo 


/ (are 


(r-(a 2 /2))(T-t)+ayVT-t \ e ~\ ^ 
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fix) = (x-K)+, c(t,x) 


A: 


c(t,x ) = xN(di) — Ke r( - T 



), 


:]l: r|:' 


d\ = 


log(f ) + (r + £)(T-t) 


cr 


v/T^ 


d 2 — di — <j\/T — t 


N(d) = 


1 


d 


V2 


e 


y 



7r ./_ 


oo 


/(x) = (k — x)+, 


A: 


p(t,x) = Ke rlyT ^N(—d 2 ) —xN(—di). 



A Cl li C A jtfk fill Black-Scholes 

Black-Scholes 

Tffi 


arjnmma, 

aa m a , 

5ti H: fr\l M ° 

Black-Scholes rT&JB C \^% %'S d C 


mm, 


sJK /\ 




mm, m 


-AIn 


l>Tfn^c 

WTHiift, <* fcftfr, IP 4*1 


11 llx 7; H 

jy. |7j Black-Scholes 'i; 


c(t, x) = xe 


— -r>£3 dl d 



o - Ke~ r ( T 



), 




aVT — t 



= d\ — ctVT — t. 
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10.4 MM, /l: %X.M W Black-Scholes JM tu T& Si 4 1 * 





m^\) mmxtmmx'mumm-m. 

%±, III Ito ft A, A/ UIJl.J 


i 


dc(t, S t ) = ( ct(t, S t ) + c x (t, S t )nS t + -c xx (t, S t )a S t ) dt 
+c x (t, S t )aS t dB(t), c(T, S T ) = (S T - K) + . 


/± U3\ dS t MfcX, 


1 


dc(t, S t ) = c x (t, S t )dS t + ct(t, S t )dt + | c xx (t, St)a 2 S 2 dt, 

c(T, S T ) — (S T — K) + . 

&MXixmm$m t t j t 

, fei a -m j a a Y i m a x )l 



rt » 





V-4- n 



JMI^iiE#ffl©cll, TfmiiM-'Zmftniftii.o Black ft) Scholes IX 

^■mmm'nxxA^mw^^xmxx, ttmumm* mm hi - 

mm, ‘Mmn^mi/c x (t,s t )mmmmo 

ds t m, c x (t,s t )ds t . m& 

c x (t,x(t)) mm, 



7§ M iX % 


Pit) = c x (t, S t )S t - c(t,S t ) 




dPt = c x (t, S t )dS t - dcit, S t ) 








, IX M ' te M ffli H S ft ft ! j fl 

dp t = P t rdt. 


teuteiffE s t imx x , ft M fa#, 


i 


Cf(t,x) + -c xx (t,x)a 2 x 2 = -rc x (t,x)x + rc(t,x). 

t m x nwi mx^isuxm 

tewrtago c(T, x ) = (x- k) + , a 

J 1. |wj a f# ill _h M W Black-Scholes ft ft ° 

u = u (t,x) c(t,x) 



itmixmm, w^mmum%, t 
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nW \in Black Scholes 

V- M: 

du(t,x) a 2 x 2 d 2 u(t,x) du(t.x) 

+ - 2 —^ +ra -k^ - ^ °- 

mmm)o 

gtsurANJi 

m^mUo m&mu 


M /£ A tt w: a m a m a a 


ct±i~ ■jpf ~JXi 4M 




#w. aa \mft 


'SBlf^i^^^W^fS^^^Black-Scholes^fi, {B 

JAL m TST rAh rV, 4^r Hrh Ate Wl Hh /£» « ZV -fcr iVn SS ^4, ft r+i-Ht ^ iVn Biti 4A ^ 


'A-V ? i?i£¥i!'An'J., I'nJM^Aj A eMAMJM, AA 

M AAALb-V/kvAo MM, Iti^iAA'MHi terlMAfAMM&3AM1tM 


¥ 4MllA*kH« MM, M^XW?A?AMMiA3AIMlifA 

M«J1. IAHu, z:XMAj^AAim^AjMMi+#AjAA^MMAi 


Black-Scholes M A £ Y )\IIM A A M A M lA & @1 AA M—M A M Yk 
Mo AHA, 3M]MMi4i£AMMWi£M (IIHAIftiEAASA Modigliani 
Miller AJS, CAPM, MAMM 

Merton MMH [15]o Tffi, mn 


f] ffl 

J >Lil' 


> —I -i--It- 




R T^J o 


10.5 ASiJIIMAjil:, (M) 

A/i:f^:A'l'^tA^M'/]vAo A'J^AAj^MA itMS5t 
AMIAMo AII^ 

ALMA), AIlE^JAMAMitmAaMMAAo IIAIIHM AMISfiA'J 
4A M#A04^IMlA^4fcM^4fcMo Hitt, A± A JiAMA SAMARA 
rm A A |kj M lie A M A A 'MM A M 7 l A l>A A A A A A S A <> mmW 

M M PS In M (term structure of interest rates) ®f[ A In All '¥- A M PS M )<. %. o 

fcMainfflifMMMIP#, difaci!JjAi]4k^lkA10l|iJ4'-^uA (££ 

AAmfffATA^fflA)o A A A»J A A MPS M A A 31 H ^ m ft 1^ (yield 

curve) y = y(s) AMiA, I'JM, AH IS, AfAlflv AM LSM#MMA M 

A, BP, 341, (i t) j , i 2 ham 30 AM IS M A SJ 4M'| o Aic 
Mi?AMAIt^®!AMAAM$mo MMAi^MM'AAAMMAMMiJ 

mi\’A:tb\ii> tM'T'- 

t±iMA5IAn. 

AiEAAnAMAAAiAMIto )A#, @ife±, r AMMB'fi# (coupon 


A: MAMA 
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bond) mJ'W /? IT ilWMf ;<j f,), 

H o 3\ M # ^ Hi H if If # f Ml # IT J lH if # M : # B fw # (zero-coupon 

bond)o -1(1-Hi:H Ar. |il|fs y = y{s ) M 1 f il s #f SJOK, 

i+#o TP Ilk, IIif!: S = o, 1,... ,T, S = 0 Ebt6tJ—‘ jctt> 50 s = 1 If > 

(l + y(l)) 70, 50 s = 2 EM, '£«;*/ (l + y(2)) 2 7t, ., - 

MfijdXh, 50 s EM, (l+y(s)) s 7Ho If#, S = 1 BMf^7Eli$, 

OMTfTP S = o EMf l/(l + y(l)) 7E, s = 2 iMf vl'i^, OMTfTP s = 0 BMf 

1/(1 + y(2)) 2 -jt, . , JSfijOdh, s BMf^7nlj|, Ot # TP s = 0 Mf 

f 1/(1 + fs)) s %o J-TfTI 'T P IP IK Pt# (discount bond, 50 M #TPMIP{fi 

mnm fa#mt %* #i^(A) i^aniMiEfi: 

^“**^^ w ^^lJs = l,2,...,T(H]®mMo fiCfM, M## A; 




TOflilT, 1/(1 + y(l)), 1/(1 + y(2)f, ... 1/(1 + y(a))-, ..., 1/(1 + y(T)) T 
;,1 ffl! I •J'W/HT' / At‘‘-11C A; IT IK” o i ilk ft rT >M If fM ft # £ 1/1« », £ 

sms#!# .r /i: * /■ hi50iui, mtimmjmmm k %, ia/± 

s = l,2...,T — l 7u, fM#IIW#Hitn#/Af#50 (TOE) R yn a % f 
*T (fi f/1 lil A 

T—1 

i-H A A' 

pw = 2^ ~-+ 


br(i+^)) s (i+^)) r 



-Jtf 5h T 50Jff {MEMt#^ T m |Mj m x = (x u x 2 ,..., x T ) 5 
7Ao y = y(s ) T, ^AiitiHMf&Tj 




T 


p(®) = X! 




^(1+!/(*))•■ 


a in rT 61 a a if JAL f i£ £ 4- f Bf fi TT ^ ffi # . Jft H 51 a TO ¥ * If * 

3ASTPif] M :AHi f A Efi U HII 

&-&^&vsmrmy(s ); 


7E 


At; o 






,^o 


HfIfIIM*iT^o fi 


7E 


(^^M^gpuT) TO A r(i) PS EM if t ^IAo iP A, IS # (MIM ffi If IM MJ if lb 
itv = V(t) tkimtl Kf IM MfT: 


dV(t) 

dt 


= r(t)V(t), WO) = V 0 . 


iitt nn 


V(t) = V 0 eti r{s)ds . 


vm = v T ,&&&# 


V(t) = V T e~ f< T r{s)ds 
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Wo iSEia t(< t ) m t 


% R(t,T ), up 


V T = V {t)e {T - t)R{t ' T) . 


1 f T 

R ( t,T ^ = Y^tl t r ^ ds - 

4 s = r-t. y = y (s) = R(t,r) wwa 

mmk v T = i. aitp- Ili v(t) = p(t,r) = e-^r{s) d s 

B't M t o mimti 


y(T — t) — R(t, T) 


log P(t,T) 

T-t 
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du(t,x) cr' 2 x 2 d 2 u(t,x) du(t,x) 
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u(T , x) — (x — K) + = max [0, x — K . 
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y(s,v) m&rwiim ( 13 ). 



Mr 


du = myM + m%'(t )+ m dvdv 
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